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This book is a continuation of the tradition of collaboration between 
Costa Rica and the United Kingdom established by the publication of 
Biologia Centrali Americana in 1883-1900. Its preparation involves not 
only personnel from the Universidad de Costa Rica and The Natural 
History Museum, but draws on a formidable battery of leading interna- 
tional experts from eight countries. Such collaboration is a prerequisite 
for the study of one of the largest and most diverse orders of insects in 
Costa Rica, a country which for its size, has a faunal diversity unsur- 
passed elsewhere on Earth. Given the unparalleled international inter- 
est in tropical biodiversity, this work could not have appeared at a more 
opportune time. From the perspective of the Universidad de Costa Rica, 
this book is a further valued contribution in a series of studies of the 
Costa Rican biota that includes volumes about mammals, birds, fishes 
and orchids. For The Natural History Museum The Hymenoptera of Costa 
Rica is further fruit of our policy of international collaboration, using 
the historical wealth of our collections and the global expertise of 
our staff to produce timely and authoritative studies. We warmly 
recommend this work. 


Presentación 


Este libro es un tributo a la tradición cooperativa entre Costa Rica y el 
Reino Unido, establecido por la publicación de Biología Centrali 
Americana en 1883-1900. Involucra no solo al personal de la 
Universidad de Costa Rica y el Museo de Historia Natural (Museo 
Británico), sino también a un equipo formidable de expertos interna- 
cionales de ocho países. Tal aporte es un prerequisito para el estudio de 
uno de los órdenes de insectos más grande y más diverso en Costa Rica, 
país que para su tamaño, tiene una variedad no sobrepasada en otro 
lugar en la Tierra. Dado el gran interés internacional en la biodiversi- 
dad tropical, este trabajo no podrá aparecer en un momento más propi- 
cio. Desde la perpectiva de la Universidad de Costa Rica, este libro es 


otra contribución valorada en una serie de estudios de la biota de Costa 
Rica que incluye volúmenes sobre mamiferos, pájaros, peces y 
orquídeas. Para el Museo de Historia Natural The Hymenoptera of Costa 
Rica es otro fruto de nuestra política de colaboración internacional, uti- 
lizando la riqueza histórica de nuestras colecciones y expertos mundi- 
ales para producir estudios de autoridad y oportunos. Nosotros 
recomendamos con gran satisfacción este trabajo. 


Carlos Quesada Mateo Neil R. Chalmers 
Vicerrector de Investigación Director 
Universidad de Costa Rica The Natural History Museum 


San José, Costa Rica London, U.K. 


The conservation and sustainable utilization of biodiversity are major 
social and political issues of our time. Yet, as many authors have 
pointed out, we know woefully little about the organisms with which 
we share our planet. We have only the crudest estimates of actually 
how many species inhabit the Earth and we know even less of their 
interactions and their role in maintaining the delicate balance of life on 
which ultimately all species, including our own, depend. We do know, 
however, that the majority of terrestrial species inhabit the lush forests 
in tropical latitudes. Such forests are currently among the most threat- 
ened habitats on Earth and in many regions they are disappearing at 
an unprecedented rate. Consequently species of plants and animals that 
inhabit tropical forests are probably becoming extinct at a rate unparal- 
leled in our planet’s history. Most are lost before their role in the 
natural ecosystem, or their potential benefit to human society, has ever 
been assessed. 

Most developing nations, beset as they are by economic and demo- 
graphic problems, simply cannot afford to conserve tropical forests and 
the diversity of species they contain, unless these wilderness areas can 
be seen to be of financial benefit to society. But before biodiversity can 
be used in some way it must be catalogued and explored. Paradoxically, 
it is these tropical forests, the richest of terrestrial habitats, about which 
least is known. The information that is available is generally scattered 
throughout scientific journals—many of which are inaccessible to sci- 
entists in tropical countries—and the lacunae in our knowledge remain 
unexposed. For the most part, the basic faunistic overviews and synthe- 
ses have never been written. The principal aim of this book is to provide 
such an overview for one of the major orders of insects in one small 
tropical country. Our objectives have been to compile a book which will 
both provide a basis for further scientific investigation by workers 
throughout the region, and promote a greater understanding and 
appreciation of biodiversity. 

Our chosen subject immediately poses two questions—why the 
Hymenoptera, and why Costa Rica? To address the former question 
first. Understanding the diversity of Hymenoptera is important for 
many reasons, and this topic will be discussed in considerable detail in 
the introductory chapters of this book, but here it is perhaps sufficient 
to say that these insects are of critical importance to humankind in 
two main ways—as allies and as adversaries. In the former role they 


are the single most important group of plant pollinators, and preda- 
tors/parasitoids controlling the populations of other insects. As adver- 
saries, leaf cutter ants are one of the most destructive groups of 
agricultural pests in the New World tropics and, as patio pests in our 
urban environment, ants, bees and wasps traumatize more people 
worldwide than do any other group of insects. 

Costa Rica was chosen as the geographic focus for this work for 
one simple reason—it is the only tropical country for which a repre- 
sentative sample of the hymerropteran diversity is available to biolo- 
gists for study. Building on a foundation' laid by native Costa Ricans 
and others who have studied the hymenopterous fauna for a century 
or more, we undertook a Malaise trap survey of the entire country. 
Over 150 trap-years of samples have been 'processed from about 40 
sites throughout the country, ranging from mangrove swamps at sea- 
level to paramo-like scrub at over 3000 metres on the highest moun- 
tains. Many of the specimens obtained were sent to contributing 
authors in eight countries, making this book an international collab- 
orative effort. Synoptic collections of these specimens are being 
returned to Costa Rica and will form a reference base for future 
research by Costa Rican and other biologists. Augmenting our own 
collections are many others, including extensive material assembled 
by the efforts of the parataxonomists at INBio and kindly made avail- 
able to us by the INBio staff. 

Although this work is based on study of the Costa Rican fauna, the 
information is relevant to all of Mesoamerica from tropical Mexico to 
northern Colombia. The families discussed extend throughout all of 
tropical and subtropical America so that much of the text will be useful 
to workers from the southern United States south to Argentina and 
Chile 
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Ian D. Gauld 


With more than 115,000 described species, ranging 
from diminutive ‘fairy-flies’ which are less than 
0.2 mm in length and develop within the single egg of 
a leafhopper, to colossal tarantula-hawks—spider- 
hunting wasps with a wingspan of more than ten cen- 
timetres—the Hymenoptera is one of the largest and 
most diverse of all insect orders. However, the variety 
and composition of the group often remains unappre- 
ciated, a fact that is perhaps best reflected by their 
lack of a common name in either the English or 
Spanish languages. The Coleoptera are beetles, the 
Diptera flies and the Lepidoptera butterflies and moths, 
yet the great variety of predatory, parasitic and phy- 
tophagous hymenopterous insects that comprise the 
other hyperdiverse insect order share no common 
name. Most are generally overlooked, although some 
social species—certain bees, ants and wasps—are 
perhaps the most familiar of all insects, and have long 
fascinated humankind. For millenia diverse human 
cultures have marvelled at the complex societies of 
these insects and incorporated their attributes into 
folklore and fable. More than two and a half thousand 
years ago, in Greece, Aesop applauded the industri- 
ousness of the ant and contrasted its virtues with the 
indolence of grasshoppers, whilst in pre-Columbian 
Mexico red ants were involved in mystic beliefs of the 
Teotihuacan culture and the Mayans worshipped a 
bee god, Ah Mucan Cab. The ferocity of some social 
Hymenoptera has impressed people for generations. 
Ancient Greeks used images of wasps on their shields 
(Davies & Kathirithamby, 1986), and they have had 
martial connotations in Europe ever since, where as 
recently as the second world war, a ‘Wespe’ (German 
for wasp) was an armoured fighting vehicle. Wasps 
are similarly regarded in tropical America, where the 
Yukpa indians use them in rituals following male 
births because bravery is believed to be transmitted 
from wasp to child (Ruddle, 1973). In a similar 
manner Brazilian indians deliberately provoked stings 
from the ferocious bullet ant (Paraponera clavata) as 
part of the ceremonies for initiating young boys into 


manhood (Bequaert, 1926). Amongst the Bribri 
indians in Costa Rica an extensive folk taxonomy 
exists for wasps and ants, and several species feature 
in myths. To encourage industriousness, hunting abil- 
ities and ferocity in defence of territory, elders bound a 
wasp with cotton and tied it to the back of a pregnant 
woman for a night. The Bribri also believed that the 
aggressive and armoured Spanish conquerors shared a 
common ancestry with wasps (Starr & Bozzoli de 
Wille, 1990). An unusual variation of the theme of 
‘wasp characteristic acquisition’ occurs in Colombia 
where Sierra indians sting their dogs with digger- 
wasps (sphecids) in the belief this will help the dogs 
run prey into their dens (W. Eberhard, pers. comm.). 

Not all human interactions with hymenopterous 
insects have been cultural. Many have been, and still 
are of a commercial or economic nature as 
Hymenoptera are both adversaries and allies of 
humankind. Perhaps nowhere is this adversarial inter- 
action more noticeable than in the New World tropics. 
The ubiquitous leaf-cutting ants are a dominant group 
of herbivores that have devastated crops from pre- 
Columbian times to the present day. These insects 
remove more green plant tissue than any other group 
of comparable diversity, including both mammals or 
caterpillars (Cherrett in Lofgren & Vander Meer, 
1986), and such is their impact on people that the 
early Portuguese settlers dubbed Brazil ‘the kingdom 
of the ants’ (Hólldobler & Wilson, 1990a). Several 
other ant species are commonly found in association 
with human dwellings, and although most are a rela- 
tively minor nuisance, today in the electronic age 
some cause serious problems. For example, in Costa 
Rica a species of Camponotus has recently damaged 
hundreds of FAX machines by constructing nests 
inside the machine casings. 

Most people are aware that the social hymenopter- 
ans can inflict a painful sting, but few realize that the 
familiar honey-bee is, at least statistically, one of the 
most dangerous animals they are likely to encounter. 
Although bee stings usually only cause minor discom- 
fort, in a very few instances they may provoke a 
serious, even fatal response, and in the United States 


more people are killed annually by honey-bee stings 
than are killed by all other venomous animals, rattle- 
snakes included! It is not surprising therefore, when a 
new race of the honey-bee, the notorious Africanized 
Bee, spread from Brazil northwards throughout 
Central America, its advent was greeted with wide- 
spread alarm by the media who dubbed it the ‘killer 
bee’. It should be noted, however, that the venom of 
the ‘killer bee’ is no more potent than that of the 
normal honey-bee (Schumacher et al., 1989); the 
difference is the greater propensity of the Africanized 
variety to sting. 

Whilst it is most commonly the social Hymenoptera 
that are adversarial some solitary species are also 
pests. The phytophagous sawflies can be plant pests as 
their larvae consume foliage, though there are no 
tropical examples that reach the scale of devastation 
these insects have caused in temperate ecosystems, 
where today some species defoliate entire conifer plan- 
tations, and in the seventeenth century others caused 
widespread famine (Gauld et al., 1990). Diprionids, 
however, do cause damage in Central American pine 
forests (Wilkinson & Drooz, 1979) and in Brazil the 
larvae of a pergid sawfly, which can be common in 
pastures, are sometimes consumed by and poison 
cattle (Camargo, 1956), Although it is possible to 
cite many other adverse interactions between 
Hymenoptera and human beings (see Chapter 3), it is 
usually not adversarial interactions that the order is 
best known for. No other order includes so many 
beneficial species, and it is this feature of the group 
that has probably stimulated most human investiga- 
tion and study, from prehistoric times up to the 
present day. 

Wherever they occur, in the Old or the New World, 
social bees have long been exploited for the provisions 
they store in their nests. A nine thousand year old 
cave painting in Spain depicts the gathering of wild 
honey, and native stingless-bees were kept in horizon- 
tal log hives by the Mayans in Belize as early as 
300 BC (Crane & Graham, 1985). In addition to its 
use as food, stingless-bee honey has been used by 
indigenous American peoples to treat wounds and 
ulcers (Schwarz, 1948; Chittampalli & Mulcahy, 
1990). In the Old World, honey-bee honey had similar 
uses, but another honey-bee product, beeswax, 
became a major commodity. It was widely used in 
mediaeval Europe for candle making and it was possi- 
bly Europe’s almost insatiable demand for beeswax 


that prompted the introduction of the honey-bee into 
the New World in the sixteenth century. Although 
honey from stingless-bees is still harvested in some 
parts of Central America, during the last two hundred 
years the introduced honey-bee has dominated apicul- 
ture in the region. By 1800 Spain imported more than 
a hundred thousand dollars worth of beeswax annu- 
ally from Cuba (Gauld et al., 1990) and honey-bee 
keeping has become a major rural industry through- 
out much of Latin America. In Mexico and Central 
America the average hive density is 1.3 per square 
kilometre, higher than any other area except Europe, 
and in the last decade Mexico was the world’s largest 
exporter of honey-bee commodities (Crane, 1990). 

In addition to their use for the production of com- 
modities, bee populations have been manipulated for 
agricultural purposes, because they are vitally import- 
ant as plant pollinators—transferring pollen from 
stamens to stigmas and thus facilitating fertilization. A 
large number of human food crops, such as beans, 
tomatoes, melons, citrus, macadamia and coffee, are 
pollinated by bees (Free, 1970) and although some of 
these plants may self-pollinate to some extent, bees are 
necessary to produce economic yields in many agro- 
ecosystems (Corbet, 1987). 

Bees are not the only social hymenopterous insects 
whose nests have been moved by humans for agricul- 
tural purposes. For millenia, farmers have been aware 
that ants are major predators of many arthropod 
pests, and more than 3000 years ago the Chinese 
transported predaceous ant's nests from woodlands 
into citrus groves (Groff €: Howard, 1924; Liu, 1939; 
Huang « Yang, 1987). Similarly, in the western hemi- 
sphere the Kayapó Indians of Brazil regularly intro- 
duce nests of Azteca ants to protect their mixed crops 
against herbivorous insects (Overal € Posey, 1990). 
In some states in modern Europe the nests of wood 
ants, predators of many forest pests, enjoy legal pro- 
tection. However, in the twentieth century the atten- 
tion of agricultural entomologists has focused more 
upon the solitary Hymenoptera, and their role as the 
enemies of insect pests. Several parasitic wasps have 
been moved from one country to another, and 
throughout the world hundreds of millions of dollars 
have been, and are being saved by these insects 
destroying crop pests. A recent example is the control 
of the cassava mealybug. This minor South American 
pest was accidentally introduced into Africa where, 
during the 1970s and 1980s, it devastated cassava 


crops, the primary source of nutrition for 200 million 
people (Herren & Neuenschwander, 1991). Research 
in South America revealed that, in its natural habitat, 
populations of this mealybug were controlled by a tiny 
parasitic wasp. This wasp was introduced to Africa 
and promptly reduced mealybug infestation to a very 
low level where it caused no significant crop damage. 
The total savings from this biological control project 
are estimated to be at least $250 million per annum 
(Norgaard, 1988). 

The above account has mentioned just a few of the 
ways hymenopterous insects are familiar to and inter- 
act with our own species, but this anthropocentric 
view should not be allowed to obscure the fact that 
many members of the order are important in the func- 
tioning of natural ecosystems. Predatory and parasitic 
hymenopterans are linked in foodwebs to more species 
of insects than are any other order of terrestrial 
arthropods (Schoenly, 1990). Hymenopterans are a 
food source for many vertebrates, from anteaters to 
woodpeckers; marauding columns of army ants are so 
effective in flushing out insects that some birds, such 
as the antbirds, make a living by following them 
(Willis & Oniki, 1978). In the lowland tropics ants 
generally move more soil than do earthworms (Abe, 
1982) and in the forest canopy ants may be major 
providers of epiphyte substrate and initiators of epi- 
phyte growth (Kleinfeldt, 1978; Longino, 1986). 
Many tropical trees are defended by ants and their 
presence may be necessary for the survival of young 
trees (Janzen, 1966a; Schupp, 1986). As in the tem- 
perate zone, bees are probably the single most impor- 
tant group of pollinators of tropical plants despite the 
greater diversity of animal pollinators present in equa- 
torial areas (Schatz, 1990). For example, of 143 tree 
species examined at the La Selva Biological Station in 
northeastern Costa Rica, 41.5 percent were pollinated 
by bees, compared with 15.9 percent by moths, 7.3 
percent by beetles, 4.3 percent by hummingbirds, and 
3.0 percent by bats (Bawa et al., 1985). Another criti- 
cally important group of pollinators in tropical ecosys- 
tems are fig-wasps (Agaonidae); most of the 800 or so 
species of Ficus (Moraceae) are completely dependent 
upon these insects to effect their pollination (see 
Chapter 11.1). 

Thus the Hymenoptera play a major role in main- 
taining the ‘balance of nature’ in tropical wildlands 
where many are keystone species (LaSalle & Gauld, 
1991, 1993). Understanding their role in such habi- 


tats is critical if humans are ever going to manage 
tropical ecosystems sustainably, yet their role may be 
subtle and the interactions complex. Vinson et al. 
(1993) show that removal of dead wood by fire or for 
fuel can lead to loss of nesting sites for bees. If that bee 
is a keystone mutualist necessary for the survival of a 
plant then the plant may become endangered or 
extinct and the variety of other species it supports will 
be lost. Tiny agaonid wasps depend on finding, during 
their short adult life span, a particular species of fig 
tree at precisely the right stage in its development so 
that they can oviposit and carry out pollination. 
Reduction in the density of fig trees in a forest could 
break this chain and lead to the local extinction of the 
wasp, which will in turn cause the ultimate extinction 
of the fig tree, with catastrophic consequences for the 
charismatic vertebrate fauna that subsists on its fruits. 
Removal of large forest trees and the consequent loss 
of epiphytic orchids can disrupt the mating of orchid 
bees—leading to crop failure by Brazil-nut trees 
(Bertholletia excelsa: Lecythidaceae), which they polli- 
nate (Prance, 1976). The clearing of herbaceous vege- 
tation, and the consequent absence of flowers may 
cause the loss of parasitoids that feed from the flowers, 
which in turn may allow their host, a previously 
innocuous herbivorous insect, to assume pest status 
(Pruett, cited in Gauld & Mitchell, 1981). 
Understanding these interactions can only be 
gained from a knowledge of the biology of the 
Hymenoptera involved, yet no overview of 
hymenopterous biology exists for the tropics. The 
results of previous studies are widely dispersed 
throughout the literature, as the exceptionally large 
bibliography in this volume attests. This book 
attempts to draw together much of this biology and 
relate it to an extensive survey of the hymenopterous 
fauna of one tropical country. In the following sec- 
tions we outline more of the diversity and composition 
of the order (Chapter 1.2), then, to set the scene, 
present a brief overview of the physical and climato- 
logical features of Costa Rica (Chapter 1.3). This is fol- 
lowed by an account of the intensive sampling 
programme which has generated most of the speci- 
mens on which the faunistic part of the present study 
is based (Chapter 1.4). The concluding section 
(Chapter 1.5) utilizes the data generated in the course 
of the preparation of this book to examine the Costa 
Rican Hymenoptera fauna from a global perspective, 
comparing and contrasting its composition to that of 


other regions, and relating its size to estimates of the 
global fauna as a whole. But first (Chapter 1.1) I 
outline a few of the terms and conventions adopted in 
the text. 


TERMINOLOGY AND . 
CONVENTIONS | — 


Ian D. Gauld 


The morphological terminology used in this book is 
defined in Chapter 4 and a variety of other biological 
terms are defined in the Glossary, but a few general 
conventions are worth pointing out here. The 
classification of the Hymenoptera that we have 
adopted is explained in Chapter 5. The classification 
of other insects and spiders follows 'An Introduction to 
the Study of Insects', by D.J. Borror, C.A. Triplehorn 
and N.F. Johnson (6th Edition, 1989—Saunders 
College Publishing) because this is one of the most 
widely used general textbooks in the New World. The 
plant classification and terminology adopted follows 
‘Flowering Plants of the World’ by V.H. Heywood 
(1985—Croom Helm) as this book, and its Spanish 
translation, are widely available in the Americas. 

In the diagnoses of the various families certain fea- 
tures that are particularly characteristic of the group 
in Mesoamerica are italicized. Throughout this work 
there are many keys and synopses of the Costa Rican 
taxa. In some cases, where their ranges of distribution 
suggests they may also occur in Costa Rica, taxa found 
in neighbouring areas have also been mentioned. Such 
taxa, that have not been recorded from Costa Rica but 
are expected to occur here, are denoted by the suffix **. 
Taxa thought unlikely to occur in the country but 
included for completeness in some keys are indicated 
by an asterisk. When it is known that a group is newly 
recorded from Costa Rica we have denoted this with 
the suffix ^^, but in many cases it has been difficult to 
establish this for certain, so the suffix is omitted. 

A number of geographical terms relate to America 
south of the United States. They axe not exactly syn- 
onymous, and to avoid confusion they are here 
defined as they are used in this book. 


America south of the United States: all mainland 
American states from Mexico south to and includ- 
ing Argentina/Chile, plus all the Caribbean Islands. 


Introduction - 


Neotropics: all of tropical America, including the 
extreme south of Florida, tropical Mexico, Central 
America, the Caribbean and tropical South 
America. Northern Mexico and the southern parts 
of Argentina and Chile are excluded. 


The Caribbean: al! Caribbean islands. 


Mesoamerica: Central America plus the tropical part 
of Mexico. 


Central America: Panama, Costa Rica, Nicaragua, 
Honduras, El Salvador, Guatemala and Belize. 


South America: all mainland countries south of 
Panama. 


1.2 THE ORDER HYMENOPTERA - 
Ian D. Gauld and Paul E. Hanson 


The Hymenoptera is one of the nine or so orders of 
holometabolous insects—that is to say it belongs to 
the group of insects that undergo complete metamor- 
phosis with distinct egg, larval, pupal and . adult 
stages. Adult hymenopterans generally have two pairs 
of membranous wings, the hind pair of which are 
slightly smaller than the fore wings and coupled to 
them in flight by small hooks on their anterior 
margin; many adult Hymenoptera are, however, sec- 
ondarily wingless. In most Hymenoptera the mouth 
parts are of a rather generalized mandibulate form, 
though the maxillae and labium may be modified into 
a tongue-like structure. The antennae are quite long, 
and in most usually with eight or more segments. 
Females of most species have a more or less well- 
developed ovipositor (that structurally is rather like 
that of some Orthoptera), although in some more spe- 
cialized members of the group the ovipositor has lost 
its egg laying function and is used as a sting, and in a 
few (some ants, chrysidids and stingless bees) it is 
more or less lost. All Hymenoptera are haplodiploid, 
with males having n chromosomes and females with 
the normal 2n complement, and in the vast majority 
of cases reproduction is arrhenotokous with males 
developing from unfertilized and females from fertilized 
eggs. 

The Hymenoptera is one of the four hyperdiverse 
orders of insects. It almost certainly exceeds both the 
Lepidoptera (butterflies and moths) and Diptera (flies) 


in the sheer numbers of species it includes, and it 
rivals the Coleoptera (beetles) in species-richness. 
Indeed, there is evidence to suggest that, the 
Creator’s inordinate fondness not withstanding, the 
Hymenoptera is globally the most speciose of all insect 
orders (Gaston, 1991b). The actual species-richness of 
the group can only really be estimated crudely since 
the myriads of small, mainly tropical species are 
extremely poorly known, but certainly the order’s 
total size exceeds 250,000 species and it may well 
comprise half a million or more species (Gaston, 
1991b). Numbers of such magnitude are hard to visu- 
alize, but the size of the order can perhaps be appreci- 
ated when one considers that it contains about 80 
families and just one of these, the Ichneumonidae, 
comprises more species than all the vertebrate groups 
combined. 

Currently the Hymenoptera includes slightly more 
than 115,000 described species, but these are far from 
being a representative sample of the group. 
Descriptions are biased in favour of the larger species, 
and those from the north temperate regions (Gaston, 
1991a). The higher aculeate families, and perhaps to 
a lesser extent, the symphytans, are reasonably well- 
known in the Neotropics, but amongst the parasitoid 
groups dozens of new genera and hundreds of new 
species are discovered whenever a new tropical area is 
sampled extensively (Noyes, 1989). 

The Hymenoptera is classified in 18 superfamilies 
(see Table 1.1), but above the level of superfamily the 
present classification is unsatisfactory. This is because 
one of the two traditional suborders and one of the 
infraorders are paraphyletic assemblages, that is 
groups of taxa that are united only by the possession 
of shared ancestral features, not shared derived char- 
acters (see Chapter 5.3). In the following discussion 
these paraphyletic assemblages are denoted by the use 
of quotation marks (“). Traditionally the order has 
been divided into two suborders, the "SYMPHYTA" 
(sawflies and woodwasps) and the APOCRITA (wasp- 
waisted hymenopterans). The former comprises 
the superfamilies Xyeloidea, Megalodontoidea, 
Tenthredinoidea, Cephoidea and Siricoidea whilst the 
latter includes all other superfamilies; the Orussoidea 
may be placed in either suborder depending upon the 
classificatory criteria adopted. The “Symphyta” and 
Apocrita differ in the form of their larvae, the develop- 
mental stage that does most of the feeding; those of 
the former group are caterpillar-like (eruciform) and 


feed on plants, whilst apocritan larvae are legless and 
maggot-like (hymenopteriform) and generally feed on 
other arthropods. However, several groups of Apocrita 
(such as fig-wasps, leaf-cutter ants, and bees) are 
secondarily phytophagous or mycophagous (see 
Chapter 2.3) and orussoids, which are frequently 
classified in the “Symphyta”, have carnivorous larvae 
(see Chapter 7). 

The Apocrita have traditionally been subdivided 
into two groups—the “PARASITICA” (parasitic wasps) 
and the ACULEATA (the superfamilies Chrysidoidea, 
Vespoidea and Apoidea). The former is simply a 
heterogeneous assemblage of nine apocritan super- 
famlies that are not aculeates (the Stephanoidea, 
Trigonalyoidea, Megalyroidea, Evanioidea, Ceraphron- 
oidea, Proctotrupoidea, Cynipoidea, Chalcidoidea and 
Ichneumonoidea) and in general the term is avoided 
in subsequent chapters of this book. In the earlier lit- 
erature it was sometimes suggested that a biological 
difference existed between the two groups, with the 
“Parasitica” being parasitoids and the Aculeata being 
predators. However, this difference is not tenable 
because many aculeates, such as dryinids, rhopaloso- 
matids, bethylids, pompilids and even some sphecids 
develop as parasitoids—feeding on a single food 
organism—rather than as predators, whilst a few 
“Parasitica” are predators, consuming several prey 
individuals. In practice, the division between predator 
and parasitoid is arbitrary since a continuum of 
biology exists between them (see Chapter 2.4). 

It is a rather general feature of both phytophagous 
and carnivorous Hymenoptera that the larva con- 
sumes a concentrated and highly nutritious diet, be it 
insect tissue, gall tissue, fungal tissue or pollen, and it 
is principally only the tenthredinoid and megalodon- 
toid sawfly lineages that have adapted to become con- 
sumers of green plant material. Leaf-cutting ants do 
not feed on green plant material but rather on the 
fungus that they cultivate on cut pieces of leaves. A 
striking behavioural feature of the order is that food is 
almost always provided for the hatching larva by the 
adult female parent. Like many other insects the adult 
female locates the larval food source, but in the 
Hymenoptera the female often does much more. For 
example, woodwasps inoculate the larval substrate 
(wood) with fungus, whilst parasitoids may paralyse a 
host or inject substances that disrupt the host’s 
immune system prior to egg-laying (see Chapter 2.2). 
Like some parasitoids many predatory wasps paralyse 


their arthropod prey before oviposition, and the most 
specialized construct a nest in which the larval food 
source is subsequently concealed. In a few groups that 
construct nests EUSOCIAL behaviour has evolved, 
with females co-operating in the feeding and raising of 
young (see Chapter 2.6). 


.3 COSTA RICA: ITS 
GEOGRAPHY, TOPOGRAPHY, > 
CLIMATE AND LIFE ZONES 


Paul E. Hanson 


Costa Rica is a small country that occupies approx- 
imately 51,000 square kilometres—about the size of 
West Virginia (Boza & Mendoza, 1981). Yet, for 
several groups of plants and animals, Costa Rica has 
more species than all of America north of Mexico 
and on a per area basis it also has a more diverse 
hymenopterous fauna (see Chapter 1.5). The reasons 
for this high diversity are: its equatorial position 
(between 8200” and 11°09’ N), extensive altitudinal 
range (sea level to 3820 metres on Cerro Chirripó), 
varied precipitation (ranging from 1.5 metres per 
year in the northwest to more than six metres on 
the Cordillera de Talamanca) and its geographic 
position between two major continents. Before 
discussing the topography, climate and life zones 
of the country, it is helpful to consider Costa Rica in 
its broader geographical context, that is, 
Mesoamerica. 


GEOLOGICAL AND BIOTIC HISTORY OF MESOAMERICA 
Mesoamerica is here defined as the area situated south 
of the Isthmus of Tehuantepec in southern Mexico 
(Chiapas and the Yucatan) south to the 
Panama/Colombia border. Geologically, this region 
comprises three distinct parts or terranes: the Maya 
Terrane (southern Mexico, Belize, north/central 
Guatemala), the Chortis Terrane (southern Guatemala 
to northern Nicaragua) and the Chortega-Chocó 
Terrane (Costa Rica to northwestern Colombia) 
(Donnelly, 1992). At the break up of the super- 
continent Pangea during the Jurassic (180 million 
years ago), when the  Laurasian (North 
American/Eurasian) and the Gondwanic (South 
American /African/Australian) tectonic plates were 
separating, the Maya Terrane was attached to south- 
ern Mexico, more or less as it is today. The Chortis 


Terrane, on the other hand, appears to have detached 
from western Mexico, moved southward and then 
eastward, colliding with the southern margin of the 
Maya Terrane in the late Cretaceous (65 mya). At 
about this time the eastward moving plate to the west 
created a subduction zone along the Pacific margin of 
the Chortega-Chocó Terrane, which then consisted of 
an island arc south of the Chortis Terrane. During 
most of the last 65 million years the northern part of 
Mesoamerica (southern Mexico to northern 
Nicaragua) existed as a peninsula of North America, 
while the land that would become Costa Rica and 
Panama existed only as a chain of volcanic islands. 
However, from the Oligocene onwards there was a 
steady migration northwards into southern Mexico of 
plants of Gondwanic origin (Gentry, 1982). 

About three million years ago, in the Pliocene, oro- 
genic events established a continuous land bridge 
connecting North and South America. The creation 
of this bridge allowed for an accelerated interchange 
of organisms between the two continents (Stehli & 
Webb, 1985). In the plants, northward migrating 
taxa of Gondwanic origin seem to have overwhelmed 
the southward moving Laurasian elements, especially 
in the lowlands. Much of this invasion was so recent 
that there has been little differentiation even at 
species-level and amongst some groups, for example 
of Bignoniaceae, virtually all the species that reach 
northern Central America are indistinguishable from 
South American taxa (Gentry, 1982). Although there 
is rather little evidence for a southern migration of 
Laurasian plants in the lowlands of Central and 
South America, a different situation prevails in the 
uplands where Laurasian elements clearly predomi- 
nate ecologically, with families like the Pinaceae, 
Fagaceae, Juglandaceae, Magnoliaceae, Theaceae 
and Ulmaceae being especially important as 
canopy members of the montane forests (Gentry, 
1982). These northern taxa gradually decrease 
southward with families such as the Pinaceae and 
Hamamelidaceae not extending south of the northern 
highlands in Nicaragua, the Garryaceae and many 
Juglandaceae reaching only to central Panama, and 
Quercus extending only to Colombia. However, even 
in the northern Andes Laurasian elements tend to 
prevail in montane floras. A similar interchange has 
occurred in many insects, thus providing the contem- 
porary fauna of Mesoamerica with a diverse mixture 
of taxa, including many that originated in North or 
South America. 


In addition to this biotic interchange, the closing of 
the land bridge probably brought climatic changes to 
the region, since the warm westward flowing sub- 
equatorial ocean current was now diverted north- 
ward, possibly resulting in a more humid climate on 
the Caribbean coast of Mesoamerica (Donnelly, 
1992). 

One other vegetational pattern present in Central 
America is the xerophytic region of dry tropical 
lowland forest that extends from Sinaloa in Mexico, 
south along the Pacific coast to northwestern Costa 
Rica, disappearing on the southern Pacific coast of 
Costa Rica and reappearing on the Pacific coast of 
western Panama. This region is characterized by the 
presence of many Gondwanic generic elements, such 
as Agave and Opuntia, but there is extensive endemism 
in southern Mexico. In northwestern Costa Rica 
Quercus oleoides (Fagaceae), the only lowland oak in 
the country, reaches the southern limit of its 
distribution. 


THE TOPOGRAPHY OF COSTA RICA 

Between the Pacific and Atlantic (Caribbean) coasts of 
Costa Rica, which are separated in most places by less 
than 150 kilometres of land, mountains rise to over 
3500 metres. Although frosts are common at such ele- 
vations, none of the peaks has a snowcap. The major 
mountain block, the Cordillera de Talamanca, occupies 
much of the southern part of the country. Here, the 
coastal plains are fairly narrow and the highlands, 
rising above 2500 metres, extend unbroken into 
northern Panama. Approximately in the centre of 
Costa Rica, at an altitude of about 1000 metres, is a 
more or less east-west orientated valley system that 
contains the principal cities of San José, Alajuela, 
Cartago and Heredia. This Central Valley, or Meseta 
Central, is bordered to the north and east by a series of 
volcanoes (including Poas, Barva and Irazú) that rise 
to between 2700 and 3400 metres. From this area of 
highlands a chain of mountains and volcanoes 
(Cordillerras de Tilaran and Guanacaste) stretches 
northwestwards, almost to the Nicaraguan border. 
These ranges become progressively narrower and 
lower, until in northwestern Costa Rica (Guanacaste 
Province) the more isolated peaks barely reach above 
1500 metres. Here the mountain chain, which forms 
the continental divide, is very close to the west coast, 
so the Pacific plain is narrow, but the Atlantic lowland 
plain is very wide. To the north Lake Nicaragua forms 
a natural boundary between the geologically younger 


mountains of Costa Rica and the relatively older 
mountains of northern Nicaragua. 


THE CLIMATE OF COSTA RICA 

The climate of Costa Rica has been summarized by 
Coen (in Janzen, 1983), the source of most of the fol- 
lowing information, and treated in considerable detail 
by Herrera (1986). Average yearly rainfall varies from 
1.5 metres on the northwestern Pacific coast to about 
six metres on the northern, Caribbean-facing slopes of 
Cerro Chirripó. As in much of Central America, a few 
rainy days (usually less than 15) account for 70 
percent or more of the total yearly rainfall. On the 
Caribbean side of the country, which receives three to 
five metres of rain each year, the rainy season usually 
begins in mid to late April and continues through 
mid-December to late January, with the wettest 
months usually being July and November. There may 
be a brief interruption in the rains in August or 
September. In the Central Valley and the northern 
Pacific lowlands the rainy season usually begins in 
May and continues to mid or late November, with a 
short interruption in late June and July. In most of the 
southern Pacific region rains are heavier (average 
annual rainfall is three to five metres) and the dry 
season is shorter. Around the Golfo Dulce there is a 
drier period between December and March, though 
even during these months 100 mm or more rainfall 
can occur per month (Boinski & Fowler, 1989). 

The yearly rainfall regimes described above are 
generated by the movement of the intertropical conver- 
gence zone, where northeast and southeast trade winds 
meet. This convergence zone extends farthest north- 
ward (to about 12%N) in August and recedes to near 
the equator in February—thus following the path 
where the sun is directly overhead but with a lag of 
about two months. Rainfall is also affected by the polar 
trough, which penetrates the air mass over the 
Caribbean Sea to as low as 10°N, generating the intense 
November-January rains on the Caribbean side of the 
country. The extremely varied physical topography of 
Costa Rica results in considerable variation in rainfall 
between sites, but in general the middle altitude, wind- 
ward sides of mountains, receive the heaviest rains. 

In Costa Rica the average temperature of the 
warmest month (March, April or May) does not 
exceed the average temperature of the coolest month 
(November, December or January) by more than five 
degrees centigrade at any given site. This is usually 
less than the diurnal fluctuation in temperature. The 


Pacific side generally has less cloud cover than the 
Caribbean side and thus the average temperature of 
the warmest month is about 32.6°C at sea level in 
contrast to 29.9°C on the Caribbean coast. Mean 
annual temperature decreases with elevation at a rate 
of 6.5°C per 1000 metres. On the highest peak, Cerro 
Chirrip6 (3819 m), the maximum and minimum 
average annual temperatures are about 7.2°C and 
2.2°C respectively. Somewhat anomalous tempera- 
tures may occur in some valleys where cold air 
descends from the mountains. 


Tropical dry forest 
Tropical moist/wet forest 


Tropical premontane moist forest 


Tropical premontane wet/rain forest 


Tropical lower montane rain forest 


Tropical montane rain forest 


LIFE ZONES AND VEGETATION PATTERNS 

Holdridge's classification system of Life Zones has been 
extensively used in Latin America in general, and 
Costa Rica in particular (Holdridge, 1967; Tosi, 1969; 
Holdridge et al., 1971; Hartshorn in Janzen, 1983). 
This system is based on temperature and rainfall, and 
the seasonal variation and distribution of these two 
climatic parameters. Thus, Holdridge’s system avoids 
the botanical bias of other classifications (e.g. that 
used by Gómez, 1986), although each Life Zone has a 
distinctive vegetational physiognomy and structure. 


` 


Fig. 1.01. Costa Rica, showing the approximate limits of the major Holdridge Life Zones discussed in the text. 


Of the approximately 116 Life Zones on earth, 12 
occur in Costa Rica, but only the most extensive ones 
(Fig. 1.01) are discussed below. 


Tropical Dry Forest (TDF). This Life Zone is 
mainly found in the lowlands of Guanacaste 
Province in northwestern Costa Rica (10.3 percent 
of the land area). It is a semideciduous forest having 
a pronounced dry season with virtually no rain 
from December to late May. TDF has two strata, 
with canopy trees standing 20 to 30 metres tall. 
The most conspicuous components of the canopy 
are bipinnately-leaved legumes. The understorey 
contains more evergreen species than the canopy; 
woody vines are common but epiphytes are scarce 
(bromeliads being the most conspicuous). 


Tropical Moist and Tropical Wet Forests (TMF, 
TWE). These are the two most extensive Life Zones 
in Costa Rica, together occupying 46.8 percent of 
the land area. They occur principally on the 
Caribbean lowlands and in the lowlands of south- 
western Costa Rica surrounding the Golfo Dulce. 
TMF and TWF are evergreen forests with many 
strata. The canopy trees are 40 to 55 metres tall, 
and they often have thin, smooth, light-coloured 
bark and high buttresses. Those in the TMF are 
generally smaller in diameter (mostly less than 1 
metre diameter at breast height) than those of the 
TWE (attaining 1 to 2 metres dbh). Woody lianas 
and epiphytic shrubs are more common in the 
former, but palms are common in the subcanopy 
and shrub layers of both Life Zones. TWF contains 
more species of plants than any other Life Zone in 
Costa Rica. 


Tropical Premontane Moist Forest (TPME). 
This is the most extensively altered Life Zone in 
Costa Rica, having once extended through the 
Central Valley and occupied 4.7 percent of the land 
area. No significant areas of primary forest remain 
in this zone. 


Tropical Premontane Wet and Tropical 
Premontane Rain Forests (IPWF, TPRF). These 
zones occur at intermediate elevations and occupy 


24.4 percent of the land area. They are character- 
ized by evergreen forests with two or three strata. 
Canopy trees are mostly 30 to 40 metres tall and 
have moderately thick, dark-coloured, flaky or 
fissured bark; buttresses are common but small. The 
trees are covered with moss, but epiphytic 
angiosperms and woody vines are more conspicu- 
ous in TPRF. The ground layer is generally bare 
with scattered ferns in TPWF, but the fern covering 
is almost complete in TPRF. 


Tropical Lower Montane Rain Forest (TLMRF). 
This occurs on the windward flanks of the Central 
Cordillera, both flanks of the Talamanca Cordillera, 
the top of the Tilarán Cordillera and around the vol- 
canic summits in the Guanacaste Cordillera and 
occupies 7.4 percent of the land area. These are 
evergreen forests having two strata, with canopy 
trees reaching 25 to 30 metres tall (although oaks 
may reach 50 metres); trees have dark, rough bark, 
and buttresses are uncommon. Epiphytes such as 
Araceae, Bromeliaceae, Orchidaceae, Ericaceae, 
Gesneriaceae and Melastomataceae, are common. 


Tropical Montane Rain Forest (IMRE). This 
occurs in the high Talamancas, with small outliers 
on the summits of the higher volcanoes in central 
Costa Rica where it occupies 5.4 percent of the land 
area. The canopy trees are quite similar to those of 
the TLMRF Zone (25 to 30 metres tall) but the 
forests differ in that large epiphytes are less 
common (restricted to a few species of bromeliads) 
and the understorey is more open. 


Although this system of life zones is designed to avoid 
a botanical bias, in practice, the discussion centres 
around plants—for the obvious reason that animals 
tend to move between zones more readily. In consider- 
ing the Hymenoptera of Costa Rica, it is helpful to 
consult two recent monographs on animals—one on 
butterflies of Costa Rica (DeVries, 1987) and the other 
on birds of Costa Rica (Stiles & Skutch, 1989). The 
latter provides a pictorial catalogue of avian habitats 
and a discussion of the affinities of the Costa Rican 
avifauna, while the former includes a discussion of 
butterfly zones of endemism, boundary zones and 
species pockets (Figure 15 in DeVries, 1987). 


Paul E. Hanson 


The rate at which tropical species are going extinct 
places a particular urgency on efficient means of sam- 
pling these species, not merely to preserve them in 
museums, but more importantly to catalogue and 
characterize them, making them accessible to human- 
ity and facilitate bringing the value of biodiversity to 
public attention. Hopefully, in this way the habitat in 
which they live will be preserved (Wilson, 1988). The 
importance of conserving tropical Hymenoptera can 
be argued from a variety of viewpoints: the potential 
use of undiscovered parasitoids in biological control; 
the likely presence of useful chemical substances in 
hymenopteran venoms; the importance of pollinating 
bees in maintaining plant diversity; and so forth 
(LaSalle & Gauld, 1993; see also Chapter 3). However, 
the value of tropical Hymenoptera will remain illusory 
so long as the majority of species are unknown to 
science and can neither be recognized nor discrim- 
inated from their relatives. We estimate that roughly 
70 percent of the Costa Rican hymenopteran species 
are presently undescribed. Therefore the first step in 
evaluating tropical biodiversity is getting the 
specimens from the forest to the taxonomist as 
efficiently as possible. 


SAMPLING METHODS USED IN THE PRESENT STUDY 

The specimens upon which this book is based come pri- 
marily from Malaise traps that we have been operating 
throughout Costa Rica over the last nine years. The 
present survey commenced in 1984 when a series of 
traps were placed in Santa Rosa National Park, north- 
western Costa Rica, and operated continuously until 
1987. These were managed by Dan Janzen and Ian 
Gauld, and the collections were sorted by Pam Mitchell. 
Shortly after this programme was begun more exten- 
sive collecting was undertaken by Dan Janzen, Winnie 
Hallwachs and colleagues throughout what is now 
Guanacaste National Park. Then from 1988 until the 
present Paul Hanson and Ian Gauld extended the 
survey throughout the country by operating traps, for 
varying periods of time, at more than 30 sites in all of 
the major life zones. Samples from the latter traps were 
separated at the University of Costa Rica and the speci- 
mens were then sent directly to the contributing 


authors. The extent of the survey was further broad- 
ened by examination of Malaise trap samples made in 
some National Parks by colleagues at INBio. The loca- 
tions of the sites from which we have seen more than 
three continuous months of samples are shown in Fig. 
1.02. We conservatively estimate that we have exam- 
ined more than 150 Malaise trap-years of catches from 
Costa Rica, that is around 4.5 million specimens. 

Malaise traps appear to be one of the most efficient 
methods of sampling Hymenoptera, as well as several 
other groups of insects such as Diptera and many 
Homoptera. These traps are tent-like structures, which 
usually have black vertical walls and a white roof- 
shaped top that is higher at one end (Townes, 1972; 
Darling’& Packer, 1988). Flying insects collide with 
the walls of the trap, accumulate at the highest point, 
and drop into a removable bottle of alcohol (usually 
75 to 80 percent). The trap is made of a fine mesh 
netting, of a type that is relatively resistant to the 
effects of sunlight and epiphyte growth. The traps we 
used were made from Dacron by Marris House Nets 
(54 Richmond Park Ave, Bournemouth BH8 9DR, 
U.K.) and their longevity in the field averaged about 
one year at low altitudes and up to two years at 
higher altitudes. The position in which a trap is sited 
greatly affects the size of the catch. In general we 
found that the greatest diversity of Hymenoptera was 
taken in traps placed at forest edges, especially in 
clearings that were uphill from the forest. Apparently 
this placement increases the capture of species that 
normally fly in the canopy. Since Malaise traps are 
highly esteemed as mosquito netting by local people, 
avoiding theft is another important consideration in 
their siting. We avoided such losses by placing traps 
on small farms, and paying the residents to look after 
them and change the bottle at the end of every 
month. This strategy proved to be very cost-effective, 
since it reduced the journeys around the country to 
collect samples to three or four times per year. 

Malaise traps can yield almost astronomical quanti- 
ties of specimens and therefore efficient methods of 
processing the samples are mandatory. Because of the 
number of traps we had in the field, and the relatively 
extended period of time we operated these traps, solu- 
tions to the processing problem were forced upon us. 
The samples were first separated into a large and 
small fraction by passing them through a one cen- 
timetre mesh wire screen, gently shaking the latter in 
a wide pan of alcohol. Samples from lowland sites, 


Fig. 1.02. Costa Rica, showing the collecting localities from which we have examined more than three consecutive months of 
Malaise trap catches. These are: 1, Santa Rosa National Park; 2, Cerro el Hacha; 3, Estación Maritza; 4, Estación Pitilla; 
5, Estacion Cacao; 6, Finca San Gabriel; 7, Barro Honda National Park; 8, Palo Verde N.P.; 9, Monteverde; 10, Jabillos; 
11, Aguas Zarcas; 12, La Selva Biological Station; 13, Río Frio; 14, 16 km W. Guapiles; 15, Volcán Pods; 16, Vara Blanca; 17, 
El Tunel; 18, Zurquí de Moravia; 19, San Antonio de Escazú; 20, Río Agres; 21, Carara National Park; 22, La Cangreja; 23, 
Cerro de la Muerte; 24, Villa Mills; 25, 26 km N San Isidro; 26, Corcovado National Park; 27, Puerto Jimenez; 28, La Palma; 
29, Rincon de Osa; 30, Golfo Dulce; 31, 5 km W Peñas Blancas; 32, San Vito, Las Cruces Botanic Garden; 33, Las Alturas; 34, 


Bribri; 35, Cahuita National Park; 36, Tortuguero National Park. 


where very small hymenopterans (Aphelinidae and 
Trichogrammatidae) are often abundant, were some- 
times further separated by passing the small fraction 
through an ordinary kitchen strainer. A fine mesh 
aquarium net is of course essential for retrieving the 
specimens from the alcohol. These sieving operations 
greatly facilitate the separation process. 


Although our interest was in the Hymenoptera, we 
also wanted to make other taxa available. Thus we 
began by separating Hymenoptera, Coleoptera, 
Homoptera and a few other taxa. The bulk of the 
Diptera were left in the sample and these residues are 
being made available to dipterists. Following this 
initial separation the Hymenoptera were then sep- 


arated to appropriate taxonomic units and sent in 
alcohol directly to the taxonomists. Because of the 
extremely large samples it is impractical, if not im- 
possible, to mount all the material. A single, moder- 
ately productive Malaise trap will collect enough 
Hymenoptera to keep at least one full-time technician 
employed doing nothing but mounting and labelling. 
Even if such labour were available, the resulting col- 
lection would comprise tens of thousands of examples 
of a few common species, and relatively low numbers 
of many others. Samples in alcohol, initially sorted to 
family (or other, appropriate level), need to be scanned 
by a competent taxonomist who can then select mate- 
rial for mounting. This is particularly important for 
groups that require labour-intensive slide-mounting 
(e.g. Trichogrammatidae), where only a few tens of 
specimens can be prepared per day, but many hun- 
dreds may be collected. 

No single sampling method will obtain all the 
hymenopteran species in an area and therefore it has 
been necessary to complement Malaise trapping with 
other collecting techniques, such as hand netting 
(Townes, 1973), sweeping with a net that has a 
screen over the opening (Noyes, 1982; Hanson, 
1991), yellow pan trapping (Noyes, 1982), light trap- 
ping, and using flight interception traps other than 
Malaise traps (Masner & Goulet, 1981). All of these 
methods have been used by us or our colleagues to 
augment the hymenopterous material available from 
Costa Rica. In some cases collecting has been very 
intensive indeed; we have, for example, examined 
light trap collections made continuously over two or 
three years from some sites. Although these collecting 
techniques required more effort per insect captured 
they added species that are rarely captured in Malaise 
traps. 

Ants and other wingless hymenopterans require a 
different set of collecting methods, particularly hand 
picking from rotten wood, and extraction from litter or 
soil using Berlese funnels or Winkler bags (Gauld & 
Bolton, 1988). Jack Longino, author of the ant chapter, 
has been using these specialist techniques to sample 
the Costa Rican ant fauna for more than a decade. 

One very labour-intensive method of sampling 
involves collecting living potential hosts and rearing 
their hymenopteran parasitoids (Smith, 1974; Gauld 
& Bolton, 1988). This method not only provides criti- 
cal biological information that can be used for eco- 
logical, biological control and other studies, it 
occasionally produces species not collected by other 


techniques (e.g. Gauld & Janzen, 1994). Considerable 
material has been reared during the course of the 
work and we have further benefited by having had 
access to the extensive material reared by Dan Janzen 
and Winnie Hallwachs in their survey of the 
Lepidoptera of Santa Rosa National Park. 


OTHER SAMPLING TECHNIQUES 

In tropical regions many insect species probably spend 
most of their time in the canopy and thus special 
attention must be given to collecting in this relatively 
inaccessible part of the forest. As mentioned above, a 
well-placed Malaise trap may capture many of these 
canopy dwellers, but until the same area is sampled 
by other methods we cannot know for certain what 
proportion of the canopy fauna is not being collected. 
Canopy fogging is one method that has been used, 
especially for relatively heavy-bodied, weak-flying 
insects such as beetles (Erwin, 1983; Paarmann & 
Stork, 1987), but we still do not know how effective 
this method is for small hymenopterans, which may 
stick to the nearly perpetually wet foliage and thus 
never drop to the ground, or large fast-flying 
hymenopterans which may escape before dropping. 
One interesting possibility is to place Malaise traps on 
a platform in the canopy but experience with Malaise 
traps suspended in the canopy in northwestern Costa 
Rica suggested that a modified design may be 
required. Climbing techniques (Perry & Williams, 
1981) or other methods that allow access to the 
canopy are necessary for placing traps, and for retriev- 
ing epiphytes and aerial leaf litter samples from which 
hymenopterans can be extracted in the laboratory 
(e.g. Berlese funnel). 


PREPARATION TECHNIQUES 

Hymenopterans that are to be mounted should be 
divided into two groups: the physically large (sym- 
phytans, evanioids, most ichneumonoids and 
aculeates, and a few proctotrupoids and chalcidoids) 
and the physically small (most: proctotrupoids, 
cynipoids, chalcidoids and ceraphronoids, and some 
Braconidae). Before mounting the specimens should 
be washed in clean alcohol, taking care to remove 
plant fibres, moth wing scales and other detritus. The 
large hymenopterans can be taken directly out of 
alcohol and dried on filter paper, although hairy spec- 
imens (e.g. most bees) are best transferred to ethyl 
acetate for at least 24 hours before drying. The best 


method for drying small hymenopterans is with a 
critical point dryer (Gordh & Hall, 1979), although a 
chloroform technique (Sharkey, 1988) is said to give 
adequate results if a critical point dryer is unavail- 
able. Large hymenopterans are mounted directly on 
stainless steel insect pins of the appropriate size, and 
the small ones are generally mounted on stiff card 
rectangles, although ant taxonomists and a few 
others prefer point mounting on triangles. Some 
hymenopterans that are too small for direct pin- 
mounting, but too large for cards, can be glued 
directly to the side of the pin using reduced white 
shellac. More details on mounting can be found in 
Noyes (1982) and Gauld and Bolton (1988). 


In the preparation for this book very large samples of 
Hymenoptera were examined from all major habitat 
types in the country (see 1.4 above). Whilst these 
samples undoubtedly still under-represent the true 
fauna, they far surpass any previous inventory of trop- 
ical Hymenoptera. Thus they provide our best avail- 
able estimate of a complete tropical hymenopterous 
biota, and as such a basis for analysis of the composi- 
tion and species richness of a tropical fauna and com- 
parison with other faunas. Here we examine these 
data from several perspectives. First, we look at the 
family-level composition of the fauna. Second, we look 
at the magnitude in terms of species richness of the 
Costa Rican fauna, and examine the implications of 
this for global species richness. Third, we look at some 
biological aspects of this tropical fauna and make pre- 
liminary comparisons with well-known temperate 
hymenopterous faunas. Finally we look at the fauna 
from a regional biogeographic perspective. 


THE FAMILY-LEVEL COMPOSITION OF THE COSTA 
RICAN FAUNA 

Sixty-one of the 79 currently recognized families of 
Hymenoptera have been collected in Costa Rica (Table 
1.1). The only family that has a natural distribution 
that could include Costa Rica, but has not yet been 
collected in the country, is the Mymarommatidae, a 
small family of minute chalcidoids that are rarely col- 
lected though they may be locally common. 


The largest group of families not represented in 
Costa Rica belong to the Symphyta. The Xyelidae, 
Pamphiliidae, Diprionidae, Cephidae and Siricidae all 
extend southwards into Mexico, and the Diprionidae 
and Siricidae reach northern Central America. Three 
of these families, the Siricidae, Diprionidae and 
Xyelidae, together with the cephalciine pamphiliids, 
are primarily associated with northern conifers, trees 
that are not native in Costa Rica. Caribbean pine 
(Pinus caribbea) however, is extensively planted in 
Costa Rica and the potential exists for species of one 
or more of these symphytan families to establish 
themselves in the country. The hartigiine Cephidae, 
which have been recorded as far south as Chiapas, 
Mexico (Smith, 1988), and the exclusively north tem- 
perate pamphiliine Pamphiliidae, feed as larvae on 
northern woody angiosperms, whilst the almost ex- 
clusively north temperate Cephini feed in the stems of 
grasses. The other symphytan families not repre- 
sented in Costa Rica are the Megalodontidae and 
Blasticotomidae, which are restricted to the Old 
World, the monobasic Anaxyelidae (= Syntexidae), 
which is restricted to western North America, and the 
Cimbicidae, which is holarctic with the exception of 
the subfamily Pachylostictinae which is south temper- 
ate, and occurs in Brazil, Argentina and Paraguay 
(Smith, 1988). 

Another set of families that are absent from Costa 
Rica are the relictual and often mainly, southern hemi- 
sphere apocritan groups: Megalyridae, Austroniidae, 
Peradeniidae, Rotoitidae and Plumariidae. With the 
exception of the Megalyridae (Shaw, 1990), all are 
very small groups comprising only a few species. The 
only other families absent from Costa Rica are the 
small  relictual holarctic  proctotrupoid taxa 
Roproniidae, Renyxidae and Vanhorniidae. 


THE MAGNITUDE OF THE COSTA RICAN 
HYMENOPTEROUS FAUNA 

Summing the estimates of species-richness provided by 
each of the contributing authors allows us to give 
what undoubtedly is the best estimate to date of the 
number of hymenopteran species present in a tropical 
region. An overall estimate of the species richness of 
the Hymenoptera of Costa Rica, summed across fami- 
lies, is approximately 20,000 species. This can be con- 
trasted with estimated totals for several other regions 
(Table 1.2). The estimate for Costa Rica is similar to 
that of Canada and about half that for North America 
as a whole. The numbers of species per unit area of 


Megalodontoidea 
Megalodontidae 
Pamphiliidae 


Tenthredinoidea 
Argidae 
Blasticotomidae 
Cimbicidae 
Diprionidae 
Pergidae 
Tenthredinidae 


Stephanoidea 
Stephanidae 


Trigonalyoidea 
Trigonalyidae 


Megalyroidea 
Megalyridae 


Evanioidea 
Aulacidae 
Evaniidae 
Gasteruptiidae 


Ceraphronoidea 
Ceraphronidae 
Megaspilidae 


Proctotrupoidea 
Austroniidae 
Diapriidae 
Heloridae 
Monomachidae 
Pelecinidae 
Peradeniidae 
Platygastridae 
Proctotrupidae 
Renyxidae 
Roproniidae 
Scelionidae 
Vanhorniidae 


Chrysidoidea 
Bethylidae 
Chrysididae 
Dryinidae 
Embolemidae 
Plumariidae 
Sclerogibbidae 
Scolebythidae 


Apoidea 
Apidae 
Sphecidae 


Xyeloidea 
Xyelidae 


Cephoidea 
Cephidae 


Siricoidea 
Anaxyelidae 
Siricidae 
Xiphydriidae 


Orussoidea 
Orussidae 


Cynipoidea 
Cynipidae 
Figitidae 
Ibaliidae 


Chalcidoidea 


Agaonidae 
Aphelinidae 
Chalcididae 
Elasmidae 
Encyrtidae 
Eucharitidae 
Eulophidae 
Eupelmidae 
Eurytomidae 
Leucospidae 
Mymaridae 
Mymarommatidae 
Ormyridae 
Perilampidae 
Pteromalidae 
Rotoitidae 
Signiphoridae 
Tanaostigmatidae 
Tetracampidae 
Torymidae 
Trichogrammatidae 


Ichneumonoidea 
Braconidae 
Ichneumonidae 


Vespoidea 
Bradynobaenidae 
Formicidae 
Mutillidae 
Pompilidae 
Rhopalosomatidae 
Sapygidae 
Scoliidae 
Sierolomorphidae 
Tiphiidae 
Vespidae 


TOTAL 


(100) 
(100) 
(450) 
(20) 
(1000) 
(22) 
(1000) 
(100) 
(150) 
(10) 
(500) 
(0) 
(2) 
(25) 
(1000) 
(0) 
(30) 
(25) 
(1) 
(100) 
(70) 


(2000) 
(3000) 


17,065 


Table 1.1. The families of Hymenoptera of the world, with the numbers of species present in 


Costa Rica indicated in brackets. 


Country Area im Estimated number Species*/ 
1000 km? of species 1000 km? 


British Is. SIS 6500 1544.6 


Switzerland 412.9 9000 1996.6 


9922.4 


Canada 


16665 1669.7 


N. America 19285.5 36000 3054.9 


Costa Rica SIFO 20000 7484.1 
Table 1.2. The numbers of species estimated to 
occur in the hymenopteran faunas of different regions 
of the world, and the numbers per unit area. See text 
for a description of how species densities were 
calculated. 


these regions provides a more informative basis for 
comparison. Let us assume that for all regions species- 
area relationships take the form s = x/a??5, where s = 
number of species per unit area, x = the number of 
species in the country or region, and a = area of the 
country or region (MacArthur & Wilson, 1967; Dixon 
et al., 1987). This gives the estimates of the numbers 
of species per unit area in Table 1.2. These suggest 
that the numbers per unit area in Costa Rica are more 
than twice that of the temperate regions for which 
data are available. 

Although we expect the total of the number of 
species of Hymenoptera to increase, there is substan- 
tial semi-quantitative evidence that the figure given 
above is not unduly low. We have, for example, found 
that collecting during the past two years has added 
very few species that we have not seen before. We 
have also collected quite large numbers of taxa previ- 
ously considered to be exceptionally rare—such as 
bradynobaenids, scolebythids and sierolomorphids— 
and found Costa Rican representatives of poorly- 
known groups, such as the brachycistidine tiphiids, 
that have extended their ranges by several thousand 
kilometres. Furthermore, the additional sorting by col- 
leagues of large samples of some groups known to be 
exceptionally species-rich, such as the microgastrine 
Braconidae (see Table 12.9), has yielded species totals 
that are within the estimates we have earlier made. 
Although we have not extensively undertaken 
rearing, aerial Malaise trapping and insecticidal 
fogging sampling, collections that we have seen, 


suggest there is not a large ‘unknown’ hymenopterous 
canopy fauna. For example, preliminary examination 
of samples from canopy fogging in La Selva Biological 
Station (part of the Arthropods of La Selva project 
directed by R. Colwell and J. Longino) suggest that in 
only a few families, primarily in the Chalcidoidea, will 
canopy samples yield more than isolated species not 
collected by Malaise traps. Thus we feel quite 
confident estimating the total hymenopterous fauna of 
Costa Rica to be within the range of 20,000 to 
40,000 species. 

What are the implications of this estimate for the 
global species-richness of the order? For comparatively 
well-studied groups, such as flowering plants, 
butterflies, amphibians, reptiles, birds and mammals, 
the Costa Rican fauna comprises between 3.3 and 9.4 
percent of the global species total (Groombridge, 
1992). Rather than be conservative, for present pur- 
poses we assume that the hymenopteran fauna of 
Costa Rica is at the lower end of this range, or a little 
less, say between two and six percent. Then, estimates 
of the size of the hymenopteran fauna of Costa Rica of 
between 20,000 and 40,000 species yield estimates of 
the global species-richness for the order of 0.3 to 2.0 
million. These figures are not greatly at odds with pre- 
vious suggestions that the Hymenoptera number less 
than a million species (Gaston, 1991b). If this is 
approximately correct then, unless the Hymenoptera 
comprises a vastly smaller proportion of the Insecta 
than data from temperate regions suggest, global esti- 
mates of insect species-richness of 30 to 80 million are 
untenable (Table 1.3). 


THE COMPOSITION OF THE HYMENOPTEROUS FAUNA 
COMPARED TO THAT OF TEMPERATE REGIONS 

The estimate of 17,000 species of Hymenoptera 
present in Costa Rica (Table 1.1), ignoring taxa with 
fewer than 100 species, is composed as follows: 
Ichneumonoidea (5000), Chalcidoidea (4705), 
Proctotrupoidea (3674), Vespoidea (1410), Apoidea 
(1100), Cynipoidea (603), Chrysidoidea (328) and 
Symphyta (141). The proportions that the superfami- 
lies comprise of the whole fauna are compared with 
data for Britain in Fig. 1.03. In both Britain and Costa 
Rica the Ichneumonoidea is the most species rich 
superfamily, although in Costa Rica it is of similar size 
to the Chalcidoidea, whereas in Britain it is more than 
twice as large as the Chalcidoidea. In all countries 
however, these two groups are extremely speciose and 


Estimated number of Hymenopteran species 
in Costa Rica 


(A) World total Hymenoptera if Costa 
Rican fauna is: 


(B) Range of world total insect species 
richness (assuming Costa Rican fauna 
is 2-6 percent of total) if the 
hymenopteran component of total is: 


* 3.0-10.0M 
1.5-5.0M 


7.0-20.0M 
3.5-10.0M 


Table 1.3. Estimates of global species richness of (A) the Hymenoptera and (B) the Insecta 


under various assumptions. 


in both Costa Rica and Britain together they comprise 
more than 55 percent of the hymenopterous fauna. A 
striking difference in species richness in the 
Proctotrupoidea can be seen between Britain and 
Costa Rica. In the former country (as is also the case 
for North America) this group comprises about 10 
percent of the fauna, but it accounts for nearly 25 
percent of the Costa Rican one. Similarly the 
Vespoidea is comparatively more speciose in Costa 
Rica than Britain. Rather surprisingly the proportion 
of the fauna the Apoidea comprises is rather similar in 
Britain and Costa Rica (ca 6 percent) but it is probably 
higher in the subtropical latitudes (Michener, 1979). 
Finally the proportion of the Symphyta shows a 
decrease from more than 7 percent of the fauna in a 
temperate northern country to less than 1 percent of a 
tropical fauna. 

A striking difference between the hymenopterous 
faunas of Costa Rica and non-tropical areas is that 
eusocial taxa are much more species-rich in the 
former than in the latter regions. For example, in 
Costa Rica approximately 4.6 percent of the 
hymenopterous fauna (781 species) are eusocial, 
whereas in Britain the figure is about 1.4 percent (80 
species). This disproportionately high tropical species- 
richness of eusocial groups is particularly apparent 
when one compares very closely related eusocial and 
solitary groups in tropical and extratropical regions. 
For example, in the Vespidae the solitary Masarinae 
and Eumeninae are represented by more than 280 


species in North America, but only 80 in Costa Rica, 
whilst the eusocial groups—the Polistinae and 
Vespinae—are represented by only 40 species in 
North America, but about 100 in Costa Rica. 
Although there are fewer species of bees in tropical 
regions than there are in subtropical dry areas (see 
Chapter 18), there are more eusocial species, notably 
the stingless bees, in tropical habitats. In Costa Rica 
there are 48 species of stingless-bees, whilst in all of 
Mexico there are 29, and none occur in the United 
States. A clear latitudinal gradient in increasing 
species-richness from temperate to tropical latitudes 
can also be seen in the Formicidae (all members of 
which are eusocial). For example, 43 different species 
of ants have been found in a single tree in Peru, a 
figure that is about equal to the total number of 
species present throughout the British Isles (Wilson, 
1987). 

Not only are the social Hymenoptera very species 
rich in tropical ecosystems, many are also extremely 
abundant. In lowland rainforests the ants outweigh 
all the vertebrates combined and in the Amazonian 
rainforest about one third of the entire animal 
biomass is composed of ants and termites, the latter 
being the only major group of non-hymenopteran 
social insects. Each hectare of soil in the Amazon 
contains in excess of eight million individual ants 
and one million termite individuals (Beck, 1971; 
Fittkau & Klinge, 1973). Rates of ant predation, mea- 
sured in terms of time taken to exploit a food item, 
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Fig. 1.03. The proportions of the major superfamilies in Costa Rican and British hymenopteran faunas. Apoid = Apoidea; 
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Symphyta; Vesps = Vespoidea; Other = other superfamilies. 


have been shown to be significantly higher in 
tropical regions than they are in temperate ones 
(Jeanne, 1979a). 

The latitudinal distribution of many parasitoid 
groups is less clearly understood than that of the euso- 
cial groups mentioned above and has been the subject 
of some controversy (Owen € Owen, 1974; Janzen « 
Pond, 1975; Hespenheide, 1979; Morrison et al., 
1979; Gauld, 1986, 1991). Interest in latitudinal gra- 
dients of parasitoid species-richness has been stimu- 
lated primarily by the observation that some taxa, 
notably the Ichneumonidae, fail to increase in species- 
richness in the tropics (Janzen, 1981; Noyes, 1989; 
Askew, 1990). This is surprising because some of the 
principal hosts of ichneumonids, such as Lepidoptera, 
are usually appreciably more species-rich in tropical 
latitudes than they are in temperate regions. Thus in 
Canada there are approximately 1.3 species of 
Lepidoptera per ichneumonid species that parasitizes 
them, whereas in Costa Rica the ratio is about six to 
one. Several possible explanations have been 
advanced to account for these observations. According 
to one suggestion, the ‘resource fragmentation 
hypothesis’, some lepidopterous species may be too 


scarce in the tropics to serve as hosts for specialist par- 
asitoids (Janzen, 1981). Although low host population 
density is probably an important factor it does not 
explain all the observations (Gauld, 1986, 1987, 
1991) and recently a separate but complementary 
mechanism, the ‘nasty host hypothesis’, has been pro- 
posed (Gauld et al., 1992; Gauld & Gaston, 1994). 
This hypothesis is based on the observation that tropi- 
cal trees are, in general, richer in toxic compounds 
than their extratropical counterparts (Levin & York, 
1978). Therefore caterpillars that feed on tropical 
trees are likely to be chemically better defended 
against parasitoids than those in temperate regions 
since secondary plant compounds in the diet of the 
host are known to have deleterious effects on para- 
sitoids (Flanders, 1942; Duffey et al., 1986; and see 
review in Gauld & Gaston, 1994). A corollary of this 
hypothesis is that parasitoids which attack host stages 
that are chemically relatively undefended (such as 
insect eggs or pupae), or hosts that feed on relatively 
non-toxic plant substances (such as Homoptera that 
feed on phloem or xylem sap) should be more species 
rich in tropical habitats than they are in extratropical 
habitats. 


Considerable evidence corroborates the predictions 
of the nasty host hypothesis. Families of parasitoids 
that attack chemically relatively unprotected hosts, 
such as the Encyrtidae (mostly parasitoids of 
Homoptera) appear to reach their peak of species 
richness in tropical forests (Noyes, 1989; Askew, 
1990), as do groups of ichneumonids that attack 
vespids and insects boring in wood (Gauld, 1991). 
Similarly, the present data indicate that egg para- 
sitoids comprise a much larger proportion of this tropi- 
cal fauna than they do in a temperate area. 
Approximately 16.5 percent of the Costa Rican 
hymenopteran fauna (2810 species) are egg para- 
sitoids compared with only 5.2 percent of the British 
fauna (305 species). On the other hand, groups of 
diurnally active ichneumonoids that attack leaf- 
feeding caterpillars are somewhat less speciose in trop- 
ical regions than they are in temperate areas. For 
example, there are approximately 250 species each of 
Campopleginae and Microgastrinae in Britain com- 
pared with 150 campoplegines and 200 microgas- 
trines in Costa Rica (Chapter 12). 


BIOGEOGRAPHIC PATTERNS IN THE HYMENOPTEROUS 
FAUNA OF COSTA RICA 

The mix of Hymenoptera encountered in Costa Rica 
probably reflects the biotic interchange that has 
occurred between North and South America in the 
last three million years. Many groups have affinities 
with the South American fauna. Like plants (Gentry, 
1982), these often occur in the lowlands below 700 
metres (e.g. pergid sawflies, scolebythids, labenine ich- 
neumonids and most chalcidids), in humid forests at 
700-1600 metres (e.g. monomachids, thyniine tiphi- 
ids), or in both (e.g. most ants, orchid and stingless- 
bees and epiponine vespids). Others show affinities 
with the North American fauna (e.g. acaenitine and 
exenterine ichneumonids, bumblebees, the sphecid 
genus Podalonia) and, again like plants, many of these 
occur at moderate to high altitudes. Many super- 
specific taxa in a wide range of families reach either 
the southern (Table 1.4) or northern (Table 1.5) limit 
of their distribution in Costa Rica. 

A word of caution, however. Using contemporary 
distribution patterns to infer geographic origins is 
fraught with difficulties, a fact that can be best appreci- 
ated by considering the situation in certain groups of 
mammals, which unlike Hymenoptera, have left a very 
good fossil record. Without a fossil record tapirs and 


Supergeneric taxa: 


Acaenitinae 


Brachycistidinae 


Exenterini 


Genera: 


Ametastegia 
Anthidiellum 
Chalybion 
Crabro 
Dolichostelis 
Enizemum 
Eucerceris 
Glenosema 
Hedychridium 
Lestiphorus 
Lycogaster 
Mimumesa 
Paratiphia 
Podalonia 
Polyblastus 
Psammaletes 
Psenulus 
Pseudometagea 
Pseudoplisus 
Psilochalcis 
Tanyoprymnus 
Xenoglossa 
Xylaspis 


(Ichneumonidae) 
(Tiphiidae) 
(Ichneumonidae: Tryphoninae) 


(Tenthredinidae: Allantinae) 
(Apidae: Megachilinae) 
(Sphecidae: Sphecinae) 
(Sphecidae: Crabroninae) 
(Apidae: Megachilinae) 
(Ichneumonidae: Diplazontinae) 
(Sphecidae: Philanthinae) 
(Bethylidae: Epyrinae) 
(Chrysididae: Chrysidinae) 
(Sphecidae: Nyssoninae) 
(Trigonalyidae) 

(Sphecidae: Pemphredoninae) 
(Tiphiidae: Tiphiinae) 
(Sphecidae: Sphecinae) 
(Ichneumonidae: Tryphoninae) 
(Sphecidae: Nyssoninae) 
(Sphecidae: Pemphredoninae) 
(Eucharitidae) 


(Sphecidae: Nyssoninae) 
(Chalcididae: Halticellinae) 
(Sphecidae: Nyssoninae) 
(Apidae: Anthophorinae) 
(Figitidae: Anacharitinae) 


Table 1.4. Some superspecific taxa present in Costa 
Rica at the southern limits of their geographical range. 


llamas would appear to be South American groups, 
when in fact they came down from North America and 
then went extinct in their previous homeland. The 
cricetid rodents, which came from North America and 
still occur there, spread to South America and have 
undergone very extensive diversification in the last 
three million years, resulting in 40 South American 
genera (Webb in Stehli & Webb, 1985). 

In addition to containing elements from North 
America and South America, Costa Rica also contains 
a few apparently endemic higher hymenopterous taxa 
(such as the aberrant poemeniine genus Rodrigama). 
Although data at present are sparse, at the species- 
level most endemic taxa occur at higher altitudes, 
above 1500 metres, and seem to be restricted primar- 
ily to the Talamanca massif (which extends into 
Panama) and the volcanoes to the north (Gauld, 
1991). This area seems to be an important zone of 
faunal endemicity in Mesoamerica. 


Supergeneric taxa: 


Derecyrtinae 
Thynninae 


Genera: 


Acrogymnia 


Agapostemonoides 


Aglaomelissa 
Aspirrhina 
Bohartella 
Caenomymar 
Ceratogramma 
Chartergellus 
Ctenioschelus 
Didymia 
Entrichopteris 
Foenatopus 
Hadromymar 
Incalia 
Leipomeles 
Megommation 
Microstigmus 
Nectarinella 
Neogorytes 
Nomadina 
Parataruma 
Platyfrons 
Prethophion 
Protosiris 
Quexua 
Restisoma 
Scapheutes 
Sicophion 
Trochophora 


(Xiphydriidae) 
(Tiphiidae) 


(Argidae: Sterictiphorinae) 
(Apidae: Halictinae) 

(Apidae: Anthophorinae) 
(Chalcididae: Haltichellinae) 
(Sphecidae: Crabroninae) 
(Mymaridae) 
(Trichogrammatidae) 
(Vespidae: Eumeninae) 
(Apidae: Anthophorinae) 
(Argidae: Sterictiphorinae) 
(Mymaridae) 

(Stephanidae) 

(Mymaridae) 

(Pergidae: Syzygoniinae) 
(Vespidae: Polistinae) 
(Apidae: Halictinae) 
(Sphecidae: Pemphredoninae) 
(Vespidae: Polistinae) 
(Sphecidae: Nyssoninae) 
(Trigonalyidae) 

(Sphecidae: Crabroninae) 
(Mymaridae) 
(Ichneumonidae: Ophioninae) 
(Apidae: Anthophorinae) 
(Sphecidae: Crabroninae) 
(Mymaridae) 

(Sphecidae: Crabroninae) 
(Ichneumonidae: Ophioninae) 
(Argidae: Sterictiphorinae) 


Also present in the country are a few anomalous 
taxa that have their apparent closest relatives in the 
Old World. Examples include the ichneumonid 
Leptopimpla hansoni and Syrphidepulo sp., which belong 
to southeast Asian genera (Gauld, 1991), and 
Erythrodolius sp. which belongs to an Afrotropical ich- 
neumonid genus (see Chapter 12.1). Such anomalies 
may merely be the result of under-collecting through- 
out much of highland tropical America. 

Finally, several groups have been recorded to the 
north and south, but not in Central America. 
Although some of these possibly do occur in Central 
America and simply have not been collected yet, 


others probably have a disjunct distribution, or are 


distributed throughout the Caribbean but not Central 
America. Those with an apparent disjunct distribu- 
tion include taxa that are mainly restricted to arid 
areas in the southwestern United States, Mexico and 
Brazil/Argentina (such as masarine vespids, chypho- 
tine bradynobaenids and the ichneumonid genus 
Compsocryptus), and temperate species present in the 
United States and southern Brazil (e.g. Cimbicidae, 
the ichneumonid Enicospilus americanus and the 
pteromalid genus Dryadochalcis). Other taxa (such as 
the ichneumonid Enicospilus flavus) are apparently 
distributed in the southern United States and Mexico, 
throughout the Caribbean and into South America, 
but not Central America (Porter, 1986, 1989; Gauld, 
1988b). 


Table 1.5. Some superspecific taxa present in Costa 
Rica at the northern limits of their geographical 
range. 


Paul E. Hanson and Ian D. Gauld 


In Costa Rica hymenopterans have been collected in 
all major terrestrial habitats, from the coastal man- 
grove swamps to the peaks of the highest mountains. 
Although none has yet actually been collected in fresh- 
water, a species of Hydrophylita, a trichogrammatid 
genus known to attack submerged eggs of dragonflies, 
has recently been captured in Malaise traps in the 
country (see Chapter 11.19). The different life zones 
referred to in Chapter 1 support rather different 
hymenopterous communities. In the hot, seasonally 
dry and rather open tropical deciduous forests of the 
northwest a variety of aculeates are relatively 
common, including representatives of small and bio- 
logically  little-studied groups such as the 
Sierolomorphidae and brachycistidine Tiphiidae. In 
these dry forests several species of the larger 
Hymenoptera are yellow and brown or brown and 
blackish banded. Some ichneumonid species are 
dichromic, with a yellow ochre and brown patterned 
individuals in dry forests and a black and lemon yellow 
coloured individuals in wet forests or in dry forests 
during the wet season (Gauld, 1991). As one moves 
from the deciduous forest to the lowland moist or wet 
forests the number of social insect species apparently 
increases (e.g. see Janzen, 1983). Species of stingless- 
bees and ants abound, as do the less noticeable non- 
social, but numerous, yellow and black patterned 
chalcidids, whose hovering flight resembles that of 
stingless-bees, and the tiny orange and black scelionids 
that parasitize katydid eggs. Reddish braconids with 
dark patterned wings may be seen among the under- 
growth while black and white banded ichneumonids 
are occasionally glimpsed, almost invisible as they fly 
through shafts of sunlight. However, the family 
Ichneumonidae seems to reach its peak of species-rich- 
ness between 700 and 1500 metres in altitude, in the 
premontane moist and wet forests. In a study of one 
large ichneumonid subfamily Gauld (1991) found 


between 48 and 68 species (mean 56.75) at well-col- 
lected mid altitude sites compared to 25 to 39 species 
(mean 30.5) in lowland sites. In premontane forests 
slender black pelecinids are also frequently encoun- 
tered on the wet understorey vegetation. In these habi- 
tats occur representatives of small and predominantly 
southern hymenopterous groups, such as thynnine 
tiphiids and monomachids. At higher altitudes, in the 
lower montane forests above 1800 metres, the 
hymenopterous fauna is more depauperate—chalci- 
dids, ants and stingless-bees become increasingly 
scarce. This zone is rich in local endemic species that 
seem to be restricted to the Talamanca massif and the 
volcanoes immediately to its north (Gauld, 1991). 
Amongst ichneumonids occurring in these forests are 
species with an obvious northern affinity, such as the 
tryphonine Polyblastus, the diplazontine Enizemum and 
the exenterine Eridolius (Gauld, in prep). In the cool 
and humid high altitude montane oak forests, small 
drab-coloured parasitoids of Diptera abound—diapriids, 
alysiine braconids and orthocentrine ichneumonids. 
Wingless or brachypterous ceraphronoids, diapriids, 
scelionids, and ichneumonids are also fairly common 
at high altitudes, whereas in the lowlands such wing 
reduction is primarily restricted to a few scelionids and 
diparine pteromalids. 

The majority of hymenopterans are most active on 
bright sunny days and remain concealed, or motion- 
less on the vegetation during inclement weather or at 
night. Some species of Tiphiidae, Vespidae, Sphecidae 
and Apidae form ‘sleeping’ aggregations on plants 
(e.g. Eickwort & Eickwort, 1971, 1973a), while the 
females of some other species remain in their nests at 
night. Although there are fewer field observations of 
microhymenopterans, monospecific aggregations of 
Conura (Chalcididae) have been observed during the 
dry season at night on the undersides of leaves (W. 
Eberhard, pers. comm.). Neorileya (Eurytomidae) and 
Herbertia (Pteromalidae) form aggregations in similar 
places during the dry season, but they remain 
together day and night (W. Eberhard, pers. comm.). 
Two types of resting behaviour have been distin- 


guished in the scelionid Gryon (Vogt & Nechols, 
1991): ‘motionless’ (temporary resting during the 
afternoon) and ‘tucking’ (aggregated individuals of 
both sexes at night). 

Not all hymenopterans are inactive at night, and 
in the lowlands particularly a diverse set of species is 
nocturnal. Often these are characterized by being pale 
in colour and having very large ocelli (Kerfoot, 1967; 
Huddleston & Gauld, 1988). The vespid Apoica and the 
halictine bee Megalopta fly at night, as do species of 
Rhopalosoma. There are also nocturnal ants, bra- 
conids, mutillids and diapriids. However, the most 
conspicuous of the night-flying Hymenoptera are the 
orange-brown ichneumonids, members of the species- 
rich genera Enicospilus and Netelia, which search for 
their caterpillar hosts in the dark. A few hymenopter- 
ans are crepuscular, flying only at dawn or dusk. For 
example, Ptiloglossa, a large bee, often can be heard in 
deciduous forests flying just before and at dawn 
(Janzen, 1968b), though at other times of day they 
are very rarely encountered. 

Seasonal change in abundance of adult 
Hymenoptera in the tropics is less well-known than in 
the temperate zone, and although much has been 
published about some eusocial species, almost nothing 
is recorded about solitary forms. From the Malaise 
trap samples we have monitored in diverse habitats in 
Costa Rica it is possible to make some preliminary 
observations on the patterns of adult activity of a few 
parasitoid species. Not surprisingly, in the seasonally 
dry forests of northwestern Costa Rica, where almost 
no rain falls between the end of December and mid- 
May, most species show pronounced peaks of seasonal 
abundance. In many cases these correspond with the 
onset of the wet season when trees flush with new 
growth and herbivorous larvae abound. Samples of 
ichneumonids that oviposit into young caterpillars fre- 
quently peak during May and June (Fig. 2.01). Other 
species that attack pupae appear to reach their peak of 
abundance later, towards the end of the wet season 
(Fig. 2.02) and these often remain active well into the 
dry season. A few species that search for concealed or 
protected immobile hosts (such as cocooned egg 
masses or pupae), only appear as adults during the 
dry season (Fig. 2.03) and in Santa Rosa National 
Park the Chalcidoidea, as a whole, appear to be both 
more numerous and diverse during the dry season. 
Even in seasonally dry habitats some species appear to 
be present throughout the year, although they appar- 


ently move from the rather open areas they frequent 
at the start of the wet season, to more shady patches 
of mature forest at the height of the dry season 
(Fig. 2.04). 

In the perpetually wet premontane and montane 
forests one perhaps would expect Hymenoptera to 
show less seasonality, and in fact adults of many ich- 
neumonids, such as Ophion uraniae and Zagryphus sp. 
1 are present throughout the year (Gauld, 1988b; 
unpubl.). In some cases (e.g. Enicospilus bozai, Gauld, 


.1988b), species which show pronounced peaks of 


adult activity in seasonal habitats appear to be present 
as adults throughout the year in more uniformly wet 
sites. However, by no means all wet forest species are 
aseasonal (Denlinger, 1986; Boinski & Fowler, 1989). 
For example, adults of the thynnine tiphiid, Aleurus 
septentrionalis, have only been collected from March 
through July (Hanson, unpubl.). 


ADULT FEEDING 


All adult hymenopterans possess mandibles yet few 
apparently bite off and consume large pieces of solid 
food, although there are isolated records of sawflies, 
ichneumonids and dryinids devouring arthropod 
tissue (Hobby, 1932; Leius, 1961b; Waloff, 1974), 
and a few records of parasitoids consuming plant tri- 
chomes and epidermis (see review by Jervis et al., 
1993). Like the non-mandibulate adults of Diptera 
and Lepidoptera most adult Hymenoptera probably 
consume a more or less fluid diet. The commonest 
liquid foods are nectar (sometimes fortified with 
pollen), honeydew secretions of homopterous insects, 
liquid oozing from a host or prey organism, and in 
the case of eusocial Hymenoptera, larval saliva and 
crop regurgitate from conspecific adults (Hunt, 
1991). 

Most adult hymenopterans feed on nectar to obtain 
their basic metabolic carbohydrates and possibly other 
nutrients (Vinson & Barbosa, 1987), but vespids, bees, 
and perhaps others also consume pollen (Hunt et al., 
1991). Thus flowers generally attract a wide diversity 
of Apocrita, and particularly large numbers of species 
can often be found on the blossoms of plants that 
flower during the dry season. Many of the larger 
hymenopterans with unspecialized mouthparts are 
restricted to feeding on flowers that have relatively 
accessible nectaries (e.g. Umbelliferae, see Jervis et al., 
1993) but some species have elongate mouthparts 
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Fig. 2.01. Histogram showing the numbers of individuals of Enicospilus lebophagus (Ichneumonidae, Oph 
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Fig. 2.02. Histogram showing the numbers of individuals of Pimpla croceiventris (Ichneumonidae, Pimplinae) and collection 
dates in Santa Rosa National Park, Costa Rica; the solid line shows the percentage of the mean annual rainfall occurring per 


month. This species is an idiobiont parasitoid that attacks prepupae and pupae of Lepidoptera. 
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Fig. 2.03. Histogram showing the numbers of individuals of Clistopyga calixtoi (Ichneumonidae) and collection dates in Santa 
Rosa National Park, Costa Rica; the solid line shows the percentage of the mean annual rainfall occurring per month. This 
species is a dry season specialist that attacks either spider egg sacs or ‘diapausing’ spiders guarding egg sacs. 
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Fig. 2.04. Histogram showing the numbers of individuals of Neotheronia mellosa (Ichneumonidae) and collection dates in forest 
habitats of different ages in Santa Rosa National Park, Costa Rica; the solid line shows the percentage of the mean annual rain- 
fall occurring per month. In drier months a larger proportion of the ichneumonid sample occurs in denser, closed-canopy 


forest. 


which enables them to reach nectaries concealed deep 
within tubular-shaped flowers. Such adaptations are 
most common in bees, but they also occur in members 
of other families including the Leucospidae, agathidine 
Braconidae and tersilochine Ichneumonidae. One of 
the most extreme examples can be observed in orchid 
bees, which often have mouthparts that are longer 
than the body (Fig. 18.16). 

Extra-floral nectaries are another important source 
of sustenance for a wide range of hymenopterans 
(Bentley, 1983). These are nectar producing organs 
found elsewhere on the plant, often on the floral 
receptacle or on the leaves. They are less common 
than floral nectaries, occurring on about one percent 
of the plants in the seasonally dry forests of north- 
western Costa Rica (Bentley, 1976). Forty families of 
insects have been found visiting extra-floral nectaries 
on Ipomoea carnea (Convolvulaceae), including ants, 
vespids, stingless-bees and chalcidoids (Keeler, 1978). 
In wet lowland forests of northeastern Costa Rica 
the extrafloral nectaries of Byttneria aculeata 
(Sterculiaceae) attract a variety of parasitic 
Hymenoptera (Hespenheide, 1985). Certain plants 
growing in the understorey of oil palm plantations are 
particularly attractive to Chalcididae (Mexzón & 
Chinchilla, 1991; Delvare & Genty, 1992). These 
include Baltimora (Compositae), Cassia (Leguminosae), 
Melanthera (Compositae), Scleria (Cyperaceae), Solanum 
(Solanaceae) and Urena (Malvaceae). However, not all 
of these plants have extrafloral nectaries. In Scleria the 
parasitoids are attracted by pollen and in Solanum by 
glandular trichomes. The latter attracts larger 
Chalcididae and Ichneumonidae whereas Urena (with 
extrafloral nectaries) attracts smaller Chalcididae, 
Eurytomidae, Eulophidae and Braconidae. 

Plants infested with phloem-feeding homopteran 
insects often accumulate patches of honeydew that 
attract numerous hymenopterans. It is not necessarily 
the sugar in the honeydew that is the main attrac- 
tant, but rather traces of nitrogenous substances, 
especially chemicals released by the hydrolysis of the 
amino acid tryptophan (Hagen, 1986). While many 
hymenopterans feed on the honeydew that has accu- 
mulated on foliage, only ants, polistine vespids, and 
some stingless-bees are known to obtain honeydew 
directly from the homopteran insects. These 
hymenopterans, especially ants, often defend the 
homopterans against predators (Way, 1963; Buckley, 
1987; Letourneau & Choe, 1987). 


Not all adult hymenopterans are limited to a 
sugary diet. Some sawflies, at least in temperate 
habitats, kill and consume smaller insects (Hobby, 
1932), while adults of Netelia have been observed to 
attack other insects, sever their heads, and imbibe the 
fluids issuing from these wounds. The females of a 
large number of parasitoid species feed from the 
exudate of wounds inflicted by the ovipositor on 
larvae or pupae that can serve as hosts for their 
young (Jervis & Kidd, 1986). The females of predatory 
wasps and ants, in addition to capturing prey to bring 
to their nests, often feed themselves on the prey, but 
only after thoroughly chewing it. A few bees, ants and 
wasps feed on and provision their nests with carrion, 
although saprophagy in general is not very common 
in the order (see review by O'Donnell, 1995). 


MATING BEHAVIOUR 


Mating behaviour in Hymenoptera, as in other groups 
of insects, varies with the diverse ecological conditions 
confronted by different species (Thornhill & Alcock, 
1983). Monogamy, whereby a male mates with only 
one female during his lifetime, probably occurs in 
some social Hymenoptera such as honey-bees, where 
the queen is frequently inseminated by several males 
during her nuptial flight. The majority of 
Hymenoptera, however, are polygynous—that is, the 
male potentially mates with more than one female. 
Monandry (female mates with only one male) is pre- 
sumed to be more common than polyandry (female 
mates with more than one male) in most species of 
Hymenoptera, although both are known among social 
hymenopterans (Page, 1986). 

Where females or resources utilized by females are 
concentrated, males often defend territories containing 
such concentrations of females. For example, in 
Podagrion, a torymid parasitoid of mantid eggs, a male 
that successfully defends the mantid egg case will be 
able to mate with numerous emerging females 
(Grissell & Goodpasture, 1981). Similarly, males of 
some rhyssine ichneumonids establish territories on 
tree trunks from which females are emerging 
(Eggleton, 1990). In several aculeate wasps and bees 
the males maintain territories near nesting aggrega- 
tions or plants frequently visited by the females. 
Sphecids of the subfamily Philanthinae and certain 
groups of bees mark their territories with chemical 
secretions. For example, males of some Centris species 


(Apidae: Anthophorinae) maintain territories in the 
crowns of flowering trees and utilize scents produced 
by glands in their hind legs to mark their territories 
(Williams et al., 1984). 

When females are more dispersed, males sometimes 
establish ‘symbolic’ mating territories, or leks. Some 
male orchid bees for example defend perch sites, such 
as smooth barked trees in treefall gaps in lowland 
rainforests (Kimsey, 1980b). Male Centris adani bees 
establish territories in open, second growth forests in 
northwestern Costa Rica (Frankie et al., 1980) and 
mark their territories with chemical scents secreted by 
their mandibular glands (Vinson et al., 1982). In some 
solitary wasps and bees the nesting aggregations are 
so dense that it is not feasible for males to maintain 
territories; instead, they acquire mating opportunities 
through scramble competition. In such circumstances 
males are sometimes morphologically specialized to 
allow them to gain access to females before competi- 
tors (Nuttall, 1973). For example, in some parasitoids 
of wood-boring insects, such as the Costa Rican ich- 
neumonid species Dolichomitus irritator, males are 
extremely elongate and are able to insert their meta- 
soma into the emergence hole of the female and copu- 
late with her before she has fully escaped from the log 
(Gauld, 1991). The wingless, blind males of fig-wasps 
(Agaonidae: Agaoninae), which never leave the fig, 
chew open seeds containing females, insert their meta- 
soma, and copulate. 

Females of many hymenopterous species release 
pheromones to attract mates, and sex pheromones 
have been found in a variety of superfamilies in- 
cluding the Tenthredinoidea, Proctotrupoidea, 
Ichneumonoidea, Chalcidoidea, Vespoidea and 
Apoidea (Cardé & Baker, 1984; Eller et al., 1984). 
Wingless thynnine tiphiid females, for example, crawl 
up on vegetation and release a pheromone attractive 
to males. When a patrolling male locates her, he 
carries her off, copulating in flight (Alcock, 1981). 
Similarly in some primitive species of ants, the female 
releases sex pheromones while on the ground or on 
low vegetation (Haskins, 1978). Male chelonine bra- 
conids actively search leaves upon which females of 
the same species have rested, and a hexane extract 
from the female body elicited antennation by the male 
(Kamano et al., 1989). A pheromone in this extract 
has recently been identified as (Z)-9-hexadecenal 
(Kainoh et al., 1991). A rather similar pheromone is 
produced by a female banchine ichneumonid, 


Exetastes, and large numbers of males are attracted to 
its synthetic analogues, 8-dodecenyl and 11-tetra- 
decenyl acetates (Hrdy & Sedivy, 1979). 

Although swarming seems to be less common 
among Hymenoptera than it is in the Diptera, it has 
been reported in species of a variety of groups, includ- 
ing ants (Eberhard, 1978), braconids (S.R. Shaw, 
1991), ichneumonids (Rotheray, 1981a), pteromalids 
and encyrtids (Nadel, 1987). This last author, 
working in California, observed that males of species 
of Bothriothorax, Copidosoma and Pachyneura began to 
form swarms in the early morning over boulders on a 
small ridge. Uninseminated females arrived at the 
ridge apparently to mate rather than to feed or search 
for hosts, and after mating the females seemed to 
show no further interest in the swarms. In the 
Monteverde cloud forest in Costa Rica, males of the 
ant Acromyrmex cornatus have been observed swarm- 
ing at 10:00 a.m. above an oak on a ridge, 25 metres 
above the ground (J. Longino, pers. comm.). In the 
same location and at about the same time of day, 
males of a species of Bracon (Braconidae) were 
observed swarming one to two metres above the 
ground in sun-lit patches in the forest (P. Hanson, 
unpubl. obs.). 

Courtship behaviour in parasitoids usually includes 
wing vibration, antennation, head movements and leg 
tapping prior to copulation (Matthews, 1975; Assem, 
1986). In many cases courtship involves the produc- 
tion of sounds not audible to the human ear (Assem & 
Putters, 1980; Sivinski & Webb, 1989), Courtship 
behaviour is often fairly characteristic of a particular 
taxon and some investigators have used these 
behavioural characters to help reconstruct phylogenies 
(Gordh & DeBach, 1978; Bosch & Assem, 1986). 

In non-social Hymenoptera it is often presumed that 
females mate just once with a single male, and this 
may be the case in many species (Abe, 1991), but in 
at least some species of parasitoids, females copulate 
with several males during their lifetime (Al-Maliky & 
Al-Izzi, 1990). In some chalcidoids and cynipoids, the 
female may, after stimulation by a male, expose her 
genitalia in readiness for copulation. Once she has 
exposed herself in this way she never repeats the 
process and so never again mates, even if the first 
exposure failed to result in a copulation (Barras, 
1965). Such unmated, sexually unreceptive females 
have been called PSEUDO-MATED FEMALES (Yoshida, 
1977) and their occurrence has been documented in 


both the Pteromalidae and Cynipoidea (Yoshida, 
1977; Abe, 1991). 


LIFE CYCLE 


The Hymenoptera are holometabolous insects—that 
is, they have a life cycle progressing from egg to larva 
to pupa to adult. Unlike many species of Diptera, all 
Hymenoptera are oviparous, although a few trypho- 
nine ichneumonids retain the egg under the subgeni- 
tal plate or beneath the ovipositor until it is almost 
ready to hatch. Parental care for the young is 
common and extremely well documented in species 
that build nests (e.g. Malyshev, 1968; Evans & West 
Eberhard, 1970; Iwata, 1976). However, direct 
parental care occurs in other groups of Hymenoptera 
as well. Some bethylids guard their offspring until 
they pupate (Hardy & Blackburn, 1991), and among 
sawflies the adult females of some species of argids, 
pergids and pamphiliids have been observed to stand 
guard over eggs and larvae (Dias, 1975, 1976; 
Naumann, 1984; Kudó et al., 1992). 

Compared with coleopteran and dipteran para- 
sitoids, the larvae of hymenopteran parasitoids are rel- 
atively inactive since the adult female usually places 
her egg on or very near the larval food. There are, 
however, a few exceptions to this generalization. 
Species of Eucharitidae, Perilampidae (Heraty & 
Darling, 1984) and eucerotine ichneumonids (Tripp, 
1961) lay eggs that produce active, planidial first 
instar larvae, which seek out their hosts. Trigonalyids 
lay numerous tiny eggs on leaves and these may be 
swallowed by caterpillars. In the caterpillar’s gut the 
eggs hatch and the minute larvae migrate to the body 
cavity. If the caterpillar is then attacked by another 
parasitoid or taken as prey by a vespid wasp, the trig- 
onalyid larvae then feed on the parasitoid or predator; 
they cannot complete their development in the cater- 
pillar (Clausen, 1940b; Weinstein & Austin, 1991). 

The more primitive Hymenoptera, the Symphyta, 
have up to eight larval instars, with females often 
having one more than the male (Benson, 1950). 
Primitively, the Apocrita probably have five larval 
instars (Evans & West Eberhard, 1970), but the 
number is reduced in many endoparasitoids. However, 
in such species it is extremely difficult to ascertain the 
exact number of larval instars (Rojas-Rousse & Benoit, 
1977) and accurate observations have yet to be made 
on the majority of species. The larvae of the exophytic 


(leaf-feeding) Symphyta resemble lepidopterous cater- 
pillars, whereas those of the Apocrita, and to a lesser 
extent endophytic Symphyta, are generally legless 
maggots with few distinguishing features (Evans, 
1987a). Most hymenopteran larvae consume a very 
nutritious diet of animal, plant, or fungal origin, and 
apparently only two lineages of symphytans have 
become adapted to feeding on a relatively less nutri- 
tious diet of green leaves. 

Hymenoptera pupate in a variety of situations. 
Species of many families construct pupal chambers 
within the soil or concealed within plant tissue, while 
the higher aculeates pupate within the shelters (nests) 
provided for them by the female parent. The final 
instar larva of most hymenopterans spins a cocoon 
with silk produced by the modified salivary glands, 
although cocoons are not formed by most 
Proctotrupoidea (except some Platygastridae), 
Cynipoidea and Chalcidoidea. One of the few groups of 
chalcidoids that spin cocoons are species of Euplectrus 
(Eulophidae), which secrete silk from the Malpighian 
tubules. Although they do not form true cocoons, 
some chalcidoids such as Scutellista (Pteromalidae) 
utilize silk in binding together host remains (Clausen, 
1940b). Cocoon formation is closely correlated with 
the type of pupation site, and the cocoon has been 
independently reduced in several braconids (Alysiinae, 
Opiinae, and most Rogadinae and Aphidiinae) and 
ichneumonids (some Anomaloninae, Pimplinae and 
Ichneumoninae) that pupate within the host. Among 
ants only Ponerinae and some Formicinae form 
cocoons. In some pergids it is the penultimate larva 
that spins an initial cocoon, and the final (prepupal) 
instar completes cocoon formation from within, spin- 
ning a separate chamber for the cast penultimate 
larval exuvium (Macdonald & Ohmart, 1993). 

Hymenopterans that pupate in exposed situations 
often form thick, elaborately constructed cocoons. For 
example, some species of the ichneumonid genus 
Enicospilus that remain within their cocoons during 
the long dry season in northwestern Costa Rica, make 
double cocoons with a thick fibrous outer wall and an 
inner shiny layer (Gauld, 1988a). A number of para- 
sitoid species that spin cocoons in exposed situations 
camouflage them in various ways. The ichneumonid 
Casinaria that commonly parasitizes  Sibene 
(Limacodidae) in Costa Rican oil-palm plantations, for 
example, spins a black and white cocoon that resem- 
bles bird droppings, whilst some polysphinctine ich- 


(2 
BESS 
ROOK 
NS 
A f 


Figs 2.05-2.08. Late developmental stages of a tryphonine ichneumonid; 2.05, final instar larva prior to cocoon spinning; 
2.06, eonymph—as contained in cocoon; 2.07, pronymph; 2.08, pupa. 


neumonids that spin cocoons in spider webs disguise 
their cocoon as a dead insect wrapped in silk (Gauld, 
1991). Other ichneumonoids, such as Charops and 
Meteorus, spin cocoons that hang from vegetation by a 
long silken thread, and thus perhaps escape the atten- 
tion of crawling predators. In many gregarious 
species, such as some symphytans (Dias, 1976), pim- 
pline ichneumonids and microgastrine braconids, the 
larvae collaborate to produce communal cocoon 
masses—structures that perhaps offer more protection 
against cocoon parasitoids than solitary cocoons do. 
In Costa Rica adults of both an ichneumonid 
(Zonopimpla) and its hyperparasitoid (Theronia) have 
been reared from an aggregated cocoon mass of a 
Zonopimpla species, showing that the hyperparasitoid 
female failed to successfully attack all potential hosts 
in the cocoon mass (Gauld, 1991). 

In many Hymenoptera much of the period spent 
within the cocoon is actually passed as a virtually 
immobile last instar larva. In at least some sawflies 
there is a distinct non-feeding prepupal instar which 
follows ecdysis of the final-instar feeding-larva, but pre- 
cedes the pupal ecdysis (Schedl, 1991). During this 
prepupal instar morphologically distinctive eonymphal 
and pronymphal phases occur (Eliescu, 1932). In some 
apocritans a ‘prepupal phase’ is also recognized, but 
this is a post-feeding phase of the final instar larva, and 


the two phases are not separated by an ecdysis. During 
this apocritan ‘prepupal phase’, eonymphal and 
pronymphal phases are also distinguishable (Morris, 
1937; Slovak, 1984). In the eonymphal phase, the 
larva (which is now within its cocoon) becomes almost 
incapable of movement and is rather shorter and 
stouter than an active larva (Fig. 2.06). The 
pronymphal phase, a pharate pupa (Fig. 2.07), is nar- 
rower anteriorly and apparently incapable of motion 
(Morris, 1937). Hymenoptera that diapause for pro- 
longed periods often do so as an eonymph. The 
pronymphal phase is of very short duration, and once 
a change from eonymph to pronymph has occurred 
pupation and generally adult emergence follow rapidly. 

Some hymenopterans may spend a very long period 
diapausing as a prepupa within the cocoon. In the 
temperate region one sawfly is known to be able to 
diapause for up to six years (Prebble, 1941a—c), while 
in the seasonally dry parts of Costa Rica the ichneu- 
monid Enicospilus lebophagus may remain in its cocoon 
for two years. In such cases it is almost always only a 
small fraction of each generation that enters a pro- 
longed diapause. This behaviour is found in a number 
of insects living in climatically unpredictable habitats 
where inopportune periods of inclement weather 
could eliminate the entire population. Although 
hymenopterans often spend long periods within the 


cocoon, the duration of the actual pupal instar seldom 
lasts more than a few weeks. Some adults emerge 
from the pupa but remain within the cocoon or pupa- 
tion chamber until weather conditions are favourable. 
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Four biological features that are present in most 
hymenopteran species, including the most primitive, 
have probably played an important role in the evolu- 
tion of the order. These are: the ovipositional mech- 
anism, parental provision for the larva, the larval 
diet, and the sex determination mechanism. Only the 
sex determination mechanism is unquestionably a 
synapomorphy for the order; the ovipositional mechan- 
ism and possibly the larval diet were inherited from the 
ancestors of Hymenoptera, whereas parental provision- 
ing for the larva may have arisen independently on 
numerous occasions within the order (perhaps as a 
consequence of the ovipositional mechanism). 


OVIPOSITIONAL MECHANISM 


Amongst the holometabolous insect orders only the 
Hymenoptera retains the primitive, lepismatid form of 
ovipositor (Scudder, 1961; Smith, 1970), a structure 
whose original (ancestral) function presumably was to 
place an egg precisely in a more or less concealed 
location (as in many Orthoptera). Xyelid sawflies and 
siricoid woodwasps use their ovipositor to penetrate 
plant material and place an egg in concealment. The 
ovipositor is used in an essentially similar manner by 
many apocritans, allowing them to penetrate barriers 
and gain ovipositional access to hosts concealed in 
plant tissue, silken sacs or mud nests (Gauld, 1988c). 
In several groups of parasitoids the entire metasoma of 
the female wasp is modified to allow her to manipu- 
late an extremely long ovipositor in reaching other- 
wise inaccessible hosts (see Chapter 4.3). In the more 
specialized endophagous parasitoids the ovipositor 
permits the placement of an egg within a host 
(Vinson, 1990), sometimes in an extremely precise 
location such as a nerve ganglion or salivary gland 
(Silvestri, 1921; Veen, 1981), or in the phytophagous 
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agaonids, in a fig ovule (Verkerke, 1989). Dipterous 
parasitoids, which lack a well-developed ovipositor, 
are largely excluded from exploiting concealed hosts 
(Eggleton & Belshaw, 1992, 1993; Memmott et al., 
1994), and from developing as egg parasitoids. 

Associated with the ovipositor and female repro- 
ductive tract are accessory glands that produce fluid 
secretions. Originally this fluid probably lubricated 
the valves of the ovipositor in order to facilitate the 
passage of the egg (Robertson, 1968). At some early 
stage in the evolution of the Hymenoptera these 
glands became modified to produce secretions that 
affect the -ovipositional substrate, rendering it more 
favourable for larval development. Nematine tenthre- 
dinids: produce gall-forming secretions that are 
injected into a plant during oviposition (McCalla et 
al., 1962) and many siricids inject a mucus secretion 
that promotes the growth of a mutualistic fungus in 
wood where the larva feeds (Spradbery & Kirk, 1978). 
The ancestors of the Apocrita probably used the 
ovipositor in much the same way, but accessory 
gland secretions were probably modified in the car- 
nivorous hymenopterans to venoms that incapacitate 
an arthropod host. This hypothesis is supported by 
the fact that the mucus gland and reservoir of siricids 
is homologous with the venom gland and reservoir of 
Apocrita. Many apocritan venoms, which are injected 
into the host prior to oviposition, paralyse the victim 
without killing it. Consequently the host remains 
alive and fresh until consumed by the hymenopteran 
larva. In many other lineages of parasitoids the 
venoms no longer cause paralysis in the host, but 
instead, subtly modify the physiology and develop- 
ment of the host (Vinson & Iwantsch, 1980b; M.R. 
Shaw, 1981, 1983; Bühler et al., 1985; Coudron 
et al., 1990). 

The dual functions of the ovipositor—venom injec- 
tion and egg laying—are operative in almost all 
Apocrita except the aculeate families. In most aculeate 
hymenopterans the ovipositor is no longer used for 
egg-laying; instead it has become modified into a sting 
that can penetrate and inject venom into animal 
tissue. In these families the venom glands are often 
well-developed and the venom is particularly effective 
for subduing large and active arthropods. In many 
groups, such as pompilids and scoliids the ovipositor is 
used primarily for subduing the prey, but in social 
aculeates, such as honey-bees and many vespids, its 
major use is defence (Hermann & Blum, 1981). It has 


been argued that the sting has been a major preadap- 
tation facilitating the evolution of eusociality (Starr, 
1985, 1989), although this view has been contested 
(Kukuk et al., 1989). It is interesting to note that 
bradykinins, peptides present in the venoms of some 
solitary and eusocial vespoids, both block synaptic 
transmission in insects, and thus may be responsible 
for causing paralysis, and are important pain- 
producers in vertebrates (Piek, 1992). 


PARENTAL PROVISION FOR THE LARVA 


Ancestral Hymenoptera almost certainly had phy- 
tophagous larvae, and these insects probably used 
their ovipositor to place the egg very precisely within 
nutritious plant tissue in much the same way that 
some of the modern representatives of the most primi- 
tive hymenopteran lineage, the Xyelidae, place their 
eggs in the developing sporophyll of gymnosperms. An 
important evolutionary trait of the Apocrita has been 
the continuation of this ancestral behaviour. In many 
apocritans, the adult female places the egg adjacent to 
an immobilized animal food source for the young. This 
has, of course, involved the female in locating and 
immobilizing a food resource for her offspring. Most 
other carnivorous insects have a more mobile larva 
that is obliged to seek out its own food. In ancestral 
apocritans the female probably oviposited onto a con- 
cealed, immobilized arthropod, and the hatching larva 
derived its sustenance feeding on this food resource, 
which it ultimately killed and more or less completely 
devoured. 

The least specialized type of hymenopterous para- 
sitoid is thus an ectoparasitoid developing externally 
on a concealed host that was immobilized by its 
female parent. Many groups show extraordinary spe- 
cializations enabling them to utilize such hosts. An 
additional evolutionary step for apocritans has been 
the development of ways of using exposed hosts— 
hosts which cannot simply be paralysed and 
oviposited upon in situ lest they, and the apocritan 
egg, be devoured by a passing scavenger. This has 
been achieved in one of two main ways: 


e By a reduction in the paralysing effect of the 
venom, so that the host can be stung, partially 
subdued and oviposited upon, then recover and 
develop further while the parasitoid larva slowly 
develops on or, more usually, within it. 
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e By paralysing the host and then concealing it 
prior to oviposition. 


The former strategy has evolved repeatedly in a 
variety of parasitoid groups including the Procto- 
trupoidea, Cynipoidea, Chalcidoidea, and Ichneu- 
monoidea, whereas the latter is characteristic of the 
nest-building Aculeata. In general the more primitive 
members of both evolutionary pathways still utilize 
relatively large hosts, but both strategies have offered 
a means of exploiting smaller, numerically more 
common and often less dangerous hosts (prey). 
Parasitoids may oviposit on or in a very young host 
larva (or even an egg) and delay development until 
the host is more or less fully grown, while many 
aculeates provision their nest with multiple prey 
organisms. 


DIET OF THE LARVA 


The most primitive Hymenoptera, such as Xyelidae, 
have larvae that are phytophagous, but many of these 
show a tendency to feed on a more nutritious diet 
than normal plant mesophyll, such as developing 
sporophyll tissue (Burdick, 1961). Gross leaf feeding, 
as practised by many sawflies, probably represents a 
later specialization in the Symphyta whereas the apoc- 
ritan lineage has probably retained the ancestral habit 
of feeding on a relatively nutritious food source 
(Rasnitsyn, 1969, 1980). 

The larvae of apocritans are adapted for consum- 
ing a very nourishing, semi-fluid diet, which means 
that only a relatively small amount of indigestible 
matter passes into the gut. This has allowed a simple 
structural modification to occur—failure of the 
proctodeal invagination in the embryo to join with 
the midgut, so that the gut remains closed towards 
its hind end. It remains closed for most of the larval 
life and faecal matter accumulates at the end of 
the midgut until being voided (as a MECONIUM) 
immediately prior to pupation, when intestinal 
development is completed. Within the apocritan 
Hymenoptera this feature appears to be present in 
all families except the Gasteruptiidae and many 
bees, but outside the apocritan Hymenoptera it 
occurs only rarely (e.g in Neuroptera, and some 
Cecidomyiidae). By postponing defecation until they 
have completed feeding apocritan larvae avoid 
fouling their immediate environment, which may be 
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an important preadaptation for endoparasitism. In 
some bees early instar larvae defecate (e.g. megachi- 
lines, Xylocopa, Ceratina), in which case the faeces 
are solid and are often attached by silk threads to 
the cell wall to prevent them from contaminating 
the food of the larva (Roubik, 1989). In other bees 
most larval growth does not occur until the last 
larval instar, after connection of the midgut to the 
hindgut. 

Comparing the diet of Hymenoptera with that of 
the other speciose orders of insects it is obvious that 
the success (in terms of speciation) of the 
Hymenoptera has been in its carnivorous species, 
particularly the parasitoids. In part, this species 
richness has perhaps resulted from their use of 
another arthropod, not only as a food source, but 
also as a place to live. In the case of endoparasitoids 
this requires physiological specializations to allow 
them to overcome the host's immunodefensive 
systems, yet not kill the host. Such specializations are 
often almost species-specific as, in many cases, 
closely related groups of endoparasitoid species differ 
in their ability to develop in particular host species 
(see Chapter 2.5). Another food resource that 
hymenopterans have managed to exploit more 
successfully than any other group of insects is pollen, 
which is collected and concentrated for larval 
consumption by bees and masarine vespids. In 
general, however, groups of hymenopteran herbi- 
vores are not very speciose; the tenthredinoid 
sawflies, for example, are not nearly as species-rich 
as the somewhat similar macrolepidoptera. 
Fungivory is not as prevalent in Hymenoptera 
(see Chapter 2.3) as it is in Coleoptera and Diptera, 
although the leaf-cutting ants have used fungivory 
to become (in terms of impact on the ecosystem) very 
successful herbivores. In contrast to the Diptera and 
Coleoptera, saprophagy, necrophagy and coprophagy 
are very uncommon within the Hymenoptera. These 
habits only occur in some ants and social vespids 
that scavenge from overripe fruit, corpses etc., and 
in one group of neotropical bees, the Trigona hypogea 
species-complex, which are obligate necrophages 
(Camargo & Roubik, 1991). 


SEX DETERMINATION MECHANISMS 


In 1845 the bee-keeper Johannes Dzierzon suggested 
that drones (male bees) developed from unfertilized 


eggs, while workers and queens (females) came from 
fertilized eggs. Dzierzon's theory initially aroused con- 
siderable scepticism, but it is now known that this 
method of sex determination is a characteristic of the 
order Hymenoptera (Kerr, 1962a). Generally, males 
are haploid, having an unpaired set of chromosomes, 
and females are diploid, having a paired set of 
chromosomes (haploid chromosome numbers in 
Hymenoptera range from three to 42; Crozier, 1975). 
The process whereby unfertilized (haploid) eggs 
develop to become males is termed ARRHENOTOKY 
or arrhenotokous parthenogenesis. Oogenesis is 
similar to that in other insects but spermiogenesis in 
haploid males is ameiotic. As a result of arrhenotoky 
Hymenoptera males receive genes only from their 
mother and they transmit genes only to their daugh- 
ters. Outside the Hymenoptera arrhenotoky is known 
to occur in micromalthine beetles, iceryine scale- 
insects, thrips, tetranychid mites and rotifers; in most 
other animals sex determination occurs via male or 
female heterogamety, that is, by a balance between 
autosomal and sex chromosomes (Bull, 1981). 

Two general mechanisms have been proposed to 
explain the association between sex and ploidy in 
Hymenoptera (summarized in Luck et al., 1993): the 
allelic diversity model (Crozier, 1977) and the genetic 
balance model (Kerr & Nielsen, 1967). According to 
the first model there are one or more sex-determining 
loci, each with multiple alleles (an estimated 5 to 25 
alleles). Diploid offspring are female if they are het- 
erozygous at one or more of these loci. Diploid off- 
spring that are homozygous at all sex-determining loci 
are diploid males. Haploid offspring are always males 
because they are hemizygous. On the other hand, the 
genetic balance model postulates that the sex of 
the offspring is determined by the balance between 
the effects of female-determining loci and the male- 
determining loci. In haploid progeny the strength of 
the male-determining loci outweighs that of the 
female-determining loci. 

The two models can be tested by continuous 
inbreeding and testing for the presence of diploid males 
in the progeny. The allelic diversity model predicts that 
inbreeding will yield diploid males whereas the genetic 
balance model does not. Moreover, because diploid 
males are non-functional, the allelic diversity model 
predicts that field populations should show minimal 
inbreeding. Laboratory inbreeding experiments have 
produced diploid males in sawflies, ichneumonids, bra- 


conids and bees (Luck et al., 1993); indirect evidence 
suggests their presence in ants as well (Stouthamer et 
al., 1992). However, inbreeding (sib-mating) appears 
to characterize field populations of other groups of 
Hymenoptera, such as many Scelionidae, Chalcidoidea 
and Bethylidae, yet diploid males have not been found 
in the field or in the laboratory. Thus the allelic diver- 
sity model (or more specifically, the single locus multi- 
ple allele model) appears to be operative in some, but 
not all Hymenoptera. In hymenopterans showing 
extensive inbreeding, but lacking diploid males, the 
genic balance model may be operative, although this 
mechanism of sex determination has still not been 
demonstrated unambiguously in any species (Crozier, 
1977; Luck et al., 1993). 

Arrhenotoky has various consequences for the 
biology of Hymenoptera, as well as for human 
attempts to manipulate hymenopterans in biological 
control and conservation of endangered species 
(Unruh & Messing, 1993). 


e Because the act of fertilization determines the sex 
of the zygote, the spermatheca (sperm storage 
organ) takes on a special significance in the 
Hymenoptera. By controlling the release of sperm 
from the spermatheca, inseminated females can 
select whether they lay a male or a female egg 
(Flanders, 1956). This allows parasitoids to place 
female eggs in larger hosts and male eggs in 
smaller hosts. Also, progeny sex ratio can be 
adjusted, to conditions of inbreeding for example 
(see Chapter 2.5). 

e The fact that all females (sisters) derived from a 
singly-mated mother share an average of three- 
fourths of their genetic complement may have been 
one of the mechanisms facilitating the evolution of 
eusociality in Hymenoptera (see Chapter 2.6). 

e Hymenoptera have roughly one-third the genetic 
variation (single locus polymorphism) observed in 
diploid insects. Various hypotheses have been pro- 
posed to explain this observation. For example, 
low genetic variability could result from a lower 
effective population size, especially in eusocial 
Hymenoptera where there are fewer breeding indi- 
viduals (Graur, 1985). 

e Haplodiploidy may provide a mechanism whereby 
deleterious recessive genes can be rapidly elim- 
inated from a population through natural selec- 
tion operating on hemizygous males, as the genes 
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carried by the males are necessarily expressed 
(Havron et al., 1987). 

e In taxa that utilize the allelic diversity mechanism, 
the sex determining alleles are effectively recessive 
lethals in diploid individuals. For a single locus 
system this genetic load would exceed the muta- 
tional load. In addition, these taxa are probably 
more vulnerable to inbreeding depression (Werren, 
1993). This may explain why, in general, 
Chalcidoidea have been more successful in biologi- 
cal control programmes than Ichneumonoidea 
(Stouthamer et al., 1992). i 


Although arrhenotokous hymenopterans sometimes 
have extremely skewed sex ratios, males are still 
necessary to inseminate the female, so that she can 
lay fertilized, female-producing eggs. However, many 
species of Hymenoptera exhibit a different form of 
parthenogenesis, THELYTOKY, where unmated diploid 
females produce diploid female progeny by a variety 
of asexual means (White, 1973). Thelytokous repro- 
duction is known to occur in at least 270 species 
belonging to eight superfamilies (the Tenthredinoidea, 
Proctotrupoidea, Cynipoidea, Chalcidoidea, Ichneu- 
monoidea, Chrysidoidea, Vespoidea and Apoidea) as 
well as cyclically in more than 2000 species of 
cynipids (Luck et al., 1993). At least two principal 
causes of thelytoky have been reported in the 
Hymenoptera: interspecific hybridization and infection 
with extrachromosomal elements. In the latter case, 
treatment with heat or antibiotics results in perma- 
nent reversion to arrhenotokous reproduction 
(Stouthamer et al., 1990a). 

There are two possible benefits for thelytokous 
females when compared with their arrhenotokous 
counterparts: 


e unmated females can produce daughters, whereas 
arrhenotokous females cannot (Gerritsen, 1980); - 

e they may manifest a higher intrinsic rate of 
increase (Suomalainen et al., 1987). 


To date, there is little evidence for the latter (Luck et al:, 
1993), but some evidence exists for the former—many 
thelytokous species do seem to be geographically wide- 
spread in comparison to their arrhenotokous relatives. 
For example, the thelytokous ichneumonid, Diplazon 
laetatorius, a larval parasitoid of cosmopolitan aphi- 
dophagous syrphids, has been found in all parts of the 


world including remote oceanic islands; no other 
diplazontine has a comparable range. A substantial 
number of parasitoid species that are used in classical 
biological control programmes are known to repro- 
duce arrhenotokously in their original geographic 
range, but thelytokously in their new environment 
(Aeschlimann, 1990). In some cases this probably 
reflects the existence of arrhenotokous and thelytok- 
ous races (Stouthamer & Luck, 1991). 

In several thelytokous species normal meiosis 
occurs but diploidy is restored by gamete duplication 
or terminal fusion, which results in increasing 
homozygosity (Suomalainen et al., 1987). The allelic 
diversity model discussed above predicts the occur- 
rence of diploid males under these circumstances, but 
such males have not been reported. Because many 
thelytokous taxa belong to groups in which inbreed- 
ing is common, there may be an association between 
sex determination (genetic balance model), mating 
structure (sib-mating) and the occurrence of thely- 
toky (Luck et al., 1993). It has been assumed that 
thelytokous individuals cannot mate and are there- 
fore reproductively isolated. However, in some cases 
males from arrhenotokous subpopulations can 
inseminate thelytokous females who incorporate the 
genes in some of their daughters (Róssler & DeBach, 
1973; Legner, 1987). The resulting genetic recombi- 
nation should create new thelytokous lineages with 
varying levels of genetic load, including some with 
loads less than their maternal lineage (Werren, 
1993). 

Traditionally, a third type of parthenogenesis— 
DEUTEROTOKY—has been distinguished. This is the 
production of male and female offspring from unfertil- 
ized eggs. Some species that were previously thought 
to be thelytokous have been shown to produce occa- 
sional males from unfertilized eggs, and in some 
species at least, these males mate and pass on their 
genes to subsequent generations which then repro- 
duce via thelytoky. Consequently, the distinction 
between deuterotoky and thelytoky is now being ques- 
tioned, except perhaps in the case of Cynipidae (Luck 
et al., 1993). 

The complex life cycles of cynipids (‘gall wasps’) 
entail alternating sexual and asexual (agamic) genera- 
tions, and the mode of reproduction can be either 
arrhenotoky-thelytoky or thelytoky-deuterotoky (see 
Chapter 10.1). In some species females of the asexual 
generation produce males and females (the sexual 


generation) by deuterotoky. In other species fertilized 
(sexual) females produce offspring (asexuals) that are 
either androphores (females that produce only males) 
or gynephores (females that produce only females). In 
yet other species asexual androphores appear to 
produce two types of males that form spermatozoa 
with differing sexual potential (Folliot, 1964; Askew, 
1984). Thus the evolutionary trend in gall wasps 
appears to be progressively earlier determination of 
the sex of individuals of the sexual generation. A 
somewhat similar, though less complex situation that 
may involve.deuterotokous reproduction exists in the 
ichneumonid Sphecophaga. Inseminated females may 
produce brachypterous females which do not mate, 
but are capable of laying eggs that give rise to both 
males and females (Donovan, 1991). 
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Hymenoptera with phytophagous larvae can be 
divided into two groups, which more or less coincide 
with the traditional division of the order into two sub- 
orders, Symphyta (sawflies and woodwasps) and 
Apocrita (fig wasps, gall wasps, bees, etc.). The former 
are primary phytophages, where feeding on plants 
represents a retention of the ancestral habit of the 
order. Although both the more primitive xyeline 
xyelids and the lineage from which the apocritans 
have been derived seem to specialize in feeding on 
highly nutritious parts of plants (such as developing 
male sporophylls and meristematic tissue), other sym- 
phytans have radiated to exploit a wide range of plant 
material. Most feed externally on leaves, like 
macrolepidopteran caterpillars, but a few are leaf 
miners (e.g. some Heterarthrinae), and one or two 
cause galls (e.g. some Nematinae). Most authors 
regard the plant-feeding apocritans as being secondar- 
ily phytophagous in that they are apparently descend- 
ants of carnivorous ancestors (Rasnitsyn, 1980; 
Kónigsmann, 1978a & b; but see Malyshev, 1968, for 
an alternative view). None of the secondarily phy- 
tophagous Apocrita are folivores. All feed endophyti- 
cally or enclosed within a nest, and nearly all feed on 
very nutritious plant parts such as gall tissue, seeds, 
pollen or fungal tissue. 


EXOPHYTIC LEAF FEEDERS 


The larvae of primitive symphytans, such as xyelids, 
generally feed endophytically on fairly nutritious plant 
material (Burdick, 1961), but many tenthredinoid 
larvae feed externally on green plant tissue. Thus the 
latter are confronted with problems similar to those 
encountered by exophytic lepidopteran larvae (cf. 
Strong et al., 1984), and not surprisingly the two 
groups have evolved similar adaptations. For example, 
both must maintain a hold on the plant, and exo- 
phytic sawfly larvae like those of the Lepidoptera, 
have abdominal prolegs. In sawfly larvae, however, 
the prolegs lack crochets, the minute hooks character- 
istic of lepidopterous caterpillars. Exophytic larvae 
must also be capable of surviving attacks by both par- 
asitoids and predators. Both lepidopteran and sawfly 
larvae utilize a variety of similar defences against 
predators, such as cryptic coloration, cuticular spines, 
or toxic chemicals combined with aposematic col- 
oration (Scoble, 1992). In sawflies, however, mater- 
nal guarding of the offspring is more common than in 
the Lepidoptera. 

A major obstacle confronting exophytic plant 
feeders is obtaining adequate nutrition. Not only is 
green plant tissue generally less nutritious than the 
diet utilized by primitive sawflies, so more food must 
be consumed, it is also often richer in toxic secondary 
compounds. Folivores either have to avoid feeding on 
these leaves, or they have had to evolve detoxification 
mechanisms. In the north temperate region most 
sawfly species have apparently taken the first option. 
They feed as larvae on plants notably lacking in toxic 
alkaloids and complex terpenoids, such as Salicaceae, 
Rosaceae and Betulaceae (Gauld & Bolton, 1988). In 
the tropics, however, woody plants are generally rich 
in these toxins (Levin, 1976; Levin & York, 1978). 
Some symphytan lineages, such as Argidae, have 
overcome tropical plant defences and diversified to 
some extent, but other lineages (e.g. Pamphiliinae, 
Nematinae and Tenthredininae) are notably absent or 
very scarce, and in total there are far fewer sawfly 
species in tropical habitats than there are in compar- 
able temperate ones. Moreover, tropical symphytans 
seem to be more uniformly distributed across woody 
plant taxa (see Chapter 6.1) than are their temperate 
zone relatives. Although more data are needed to sub- 
stantiate this suggestion, we have found no indication 
of ‘species-flocks’ of tropical sawflies associated with a 


few plant species, such as occur in some sawfly groups 
on a few species of Salicaceae in northern habitats. 


GALL-FORMERS 


Galls are ‘abnormal’ plant growths induced by 
another organism. They are abnormal only in the 
sense that morphogenesis is directed by the gall- 
former and not by the plant. However, the process of 
gall formation does not involve any unique substances 
or physiological processes. Unlike a tumour, a gall has 
a definite structure characteristic of the species that 
induced it (Mani, 1964; Shorthouse & Rohfritsch, 
1992). Gall-inducing organisms include some fungi, a 
few nematodes, one group of mites, and several 
groups of insects. Among neotropical gall-forming 
insects the Hymenoptera probably rank second to 
Diptera in species-richness (if the ‘seed parasitoids’ are 
included—see below). Gall-forming Hymenoptera 
include both Symphyta and Apocrita, but only species 
of the latter form galls in the Neotropics. These 
include members of three superfamilies: Cynipoidea, 
Chalcidoidea and Ichneumonoidea. 

The actual mechanism of gall formation is poorly 
understood, but undoubtedly involves plant hormones 
(Staden & Davey, 1978), and possibly the injection of 
a plasmid or virus into the plant (Cornell, 1983). 
Complicating our understanding of gall formation is 
the likelihood that the process may differ between 
groups of gall-formers. In Hymenoptera for example, 
sawfly galls are induced, at least initially, by the adult 
female during oviposition (McCalla et al., 1962; 
Narendran, 1984). In Cynipidae on the other hand, 
the stimulus appears to come from the larva (Askew, 
1984). Gall-formers are usually very host specific and 
in many cases the gall is formed on a specific part of 
the plant. Gall structure also varies between species of 
gall-formers, but all have an inner layer of very nutri- 
tious tissue on which the gall-forming organism feeds 
(Bronner, 1977). Many gall-formers require meristem- 
atic tissue for gall formation, although a few appear to 
be capable of causing developed tissue to revert to 
meristematic tissue. 

In the past it has sometimes been stated that galls 
represent an adaptive response by the plant—that 
galls represent a plant’s way of isolating a parasite 
(Mani, 1964). However, the fact that gall-forming 
insects have been successfully used in biological 
control of weeds (Dennill, 1988) demonstrates their 


potential negative impact on the plant. Thus gall for- 
mation is more appropriately viewed as a highly spe- 
cialized form of phytophagy, with the gall-former 
inducing the host plant to channel nutrients to its 
protective chamber. Because gall-formers feed exclus- 
ively on the nutritive layer within the gall, secondary 
plant compounds probably offer little defence against 
gall-formers. Indeed cynipids appear to concentrate 
‘oak tannins in the outer part of the gall for their own 
defence against fungi (Taper & Case, 1987). Thus-the 
principal defences of the plant against gall-formers are 
probably an early hypersensitive (necrotic) reaction at 
the tissue level, or later abortion (abcission) of heavily 
galled organs. 

Not all Hymenoptera that live in galls are gall- 
formers. Many are parasitoids of the gall-formers, 
although some of these also develop, at least partially, 
on gall tissue. Organisms that occur in galls induced 
by other organisms, and subsist principally on gall 
tissue, are called INQUILINES. The presence of an 
inquiline may or may not result in the death of the 
original gall-former, Although they are not capable of 
initiating their own gall, some inquiline species induce 
modifications in the structure of the gall (Askew, 
1984). In some cases careful study is required to 
determine whether a given species is a gall-former, an 
inquiline, or a parasitoid. The genus Eurytoma 
(Eurytomidae), for example, includes species of each. 

Among Hymenoptera, the family Cynipidae consists 
entirely of gall-formers or obligate inquilines of galls, 
and the majority of species are associated with oaks 
(Quercus) and other Fagaceae. Virtually all species of 
Tanaostigmatidae are associated with galls, especially 
on plants of the family Leguminosae, but in most 
cases we do not know what the larva actually does 
within the gall. Many Eurytomidae are associated 
with galls, as parasitoids, inquilines, or as gall- 
formers. For example, species of Tetramesa cause 
inconspicuous galls on grasses (Claridge, 1961). 
Many, if not all Chalcidoidea that feed in seeds are 
probably gall-formers (see below) and, in other parts 
of the world, a few species of Eulophidae and 
Pteromalidae cause galls on other parts of plants, 
although thus far no examples are known from Costa 
Rica. 

Until recently gall-formers were unknown in the 
superfamily Ichneumonoidea. However, there is now 
good evidence that the Brazilian braconid, Allorhogas 
dyspistus, induces galls in the seeds of Pithecellobium 


tortum (Leguminosae) (Macédo & Monteiro, 1989; 
Marsh, 1991). In Costa Rica J have found an unde- 
scribed species of Allorhogas inducing galls in the seeds 
of Pithecellobium macradenium and it is possible that 
many of the species in this genus that were previously 
presumed to be parasitoids of bruchid beetle larvae 
(Whitehead, 1975), are in fact gall-formers. A possible 


second genus of gall-forming Braconidae is 
Monitoriella, which appears to be the causal agent of 
leaf galls on Philodendron radiatum (Araceae) (Hanson 
et al., in prep.). 

Although the ancestral biology of Cynipidae is 
uncertain, most of the other apocritan gall-formers 
appear to have originated from ectoparasitoids of hosts 
feeding in concealment in plant tissue. It is possible 
that many have evolved from parasitoids (or 
inquilines) of other gall-formers. In contrast, most non- 
apocritan gall-forming insects have probably evolved 
from phytophagous (or mycophagous) ancestors, and 
for these insects there are three hypothesized advan- 
tages to gall-formation, compared with ordinary phy- 
tophagy (Price et al., 1987): enhanced nutrition, 
protection from hygrothermal stress, and reduced 
attack by natural enemies. However, among apocritan 
gall-formers, the first two hypotheses are probably 
untenable, since they are derived from groups that fed 
on a nutritious diet (meat), protected from hygrother- 
mal stress within the plant. Thus, of the three 
hypotheses on the adaptive significance of insect gall 
formation, only the natural enemy hypothesis is 
tenable for apocrite Hymenoptera. There are, however, 
other possible advantages entailed in the evolution of 
gall-formers from gall associates—enhanced possibili- 
ties in locating a host and reduced competition. 


SEED FEEDERS 


Hymenopterous larvae feed on seeds in two very dif- 
ferent ways (Table 2.1): as SEED PARASITOIDS or as 
SEED PREDATORS. Although such seed feeding is 
often injurious to the plant, and can hamper hus- 
bandry activities (see Chapter 3), in a few cases the 
plants have turned the relationship into a mutualism 
by employing the seed parasitoids as pollinators and 
the seed predatory ants as seed dispersers. 


Seed parasitoids. Female seed parasitoids oviposit 
into developing seeds and their larvae feed within the 
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Characteristic Seed parasitoids Seed predators 


Taxa mostly Chalcidoidea Formicidae 


Ancestry parasitoids predators 


Age of seed mature seed 


utilized 


developing seed 


Manner of feeding endophagous 
'koinobiont'* 


ectophagous 
“idiobiont'* 


Type of mutualism pollination 
(when present) 


seed dispersal 


Table 2.1. Comparison of hymenopterous seed 
parasitoids and seed predators. *For an explanation of 
idiobiont versus koinobiont, see Chapter 2.3. 


seed. A wide variety of holometabolous insects are 
seed parasitoids, but among the Hymenoptera, most 
seed parasitoids are probably also gall-formers— 
although in many cases gall formation is difficult to 
detect without microscopic examination. 
Hymenopterous seed parasitoids therefore encompass 
the same apocritan taxa discussed above: Cynipidae, 
Chalcidoidea and Braconidae. In general, seed para- 
sitoids are less common in Cynipidae (a few species 
that form galls in acorns) and Braconidae (Allorhogas), 
and most of these develop as gregarious parasitoids. 
In Chalcidoidea, however, there are many species of 
seed parasitoids, and most of these develop solitarily. 
Among Chalcidoidea, seed parasitoids (‘seed chalcids’) 
occur primarily in the families Agaonidae, 
Eurytomidae and Torymidae, but also include a few 
species of Eulophidae (in the Neotropics, 
Lisseurytomella flava) and Pteromalidae. 

All, or nearly all, Agaonidae are seed parasitoids of 
figs (Moraceae: Ficus species), but the larvae of different 
subfamilies may feed on different tissues within the 
seed. For example, Agaoninae feed within the embryo 
sac (Verkerke, 1989) whereas at least one species of 
Sycophaginae is known to feed on proliferating nucellar 
cells (Galil et al., 1970). Besides being seed parasitoids 
of figs, agaonines are also their obligate pollinators, and 
for each of the 750 species of Ficus there is a corre- 
sponding species of fig wasp. Non-pollinating fig wasps 
(the other subfamilies of Agaonidae) are also seed para- 
sitoids. A few are capable of developing in the absence 
of the pollinating fig wasps, but most appear to require 
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the presence of pollinating Agaoninae since unpolli- 
nated flower receptacles are aborted by the plant. 

Seed-feeding appears to have evolved more often in 
the family Eurytomidae than in any other family of 
Hymenoptera (see Chapter 11.9). Some Bruchophagus 
species develop in the seeds of Leguminosae from eggs 
placed in the endosperm of developing seeds. The larva 
lies between the seed coat and the developing plant 
embryo, at first feeding only on the growing cotyle- 
dons, but eventually consuming the entire contents of 
the seed (Batiste, 1967). Seeds infested by some species 
may be distorted and larger than uninfested seeds 
(Batiste, 1967), but in other cases infested seeds may 
be smaller than uninfested ones (Hedlin, 1956). 

Among Torymidae the larvae of many species of 
Megastigmus feed in the seeds of conifers, Rosaceae, 
Aquifoliaceae and a few other plants (see Chapter 
11.18). In rose seeds in North America, M. nigrovarie- 
gatus larvae feed on the developing cotyledons but do 
not consume the growing basal part of the embryo 
and the endosperm until later larval development 
(Milliron, 1949). An undescribed species of 
Megastigmus in Costa Rica feeds in the seeds of 
Symplocos (Symplocaceae) (Hanson, in prep.). The 
young larva feeds on the walls of the locule, before 
the ovules have grown to fill the space; presumably 
the ovules are consumed later. 


Seed predators. Seed harvesting has arisen many 
times within three subfamilies of ants, the Myrmicinae, 
Ponerinae and Formicinae, although it is dispropor- 
tionately concentrated in the first of these. The com- 
mitment of these harvesting ants to a seed diet varies 
from occasional to almost total. Harvesting ants are 
dominant elements in the deserts and drier grasslands 
in warm temperate and tropical regions (Hólldobler € 
Wilson, 1990a). Although less prevalent in Costa Rica, 
seed harvesting does occur to some extent in Solenopsis 
geminata and some species of Pheidole. Harvesting ants 
carry seeds to their nests where they are utilized as 
food for the larvae, but they sometimes end up dispers- 
ing seeds when they are forgotten or lost in their gra- 
naries. 

A more dependable and specialized form of seed dis- 
persal occurs in plants having a special appendage or 
outer covering, the ELAIOSOME, surrounding the seed 
(Beattie, 1985; Davidson & Epstein, 1989). Such seeds 
are highly attractive to many different ants, which 


carry them away. Only the elaiosome is consumed, 
the seed itself being discarded. Ants that harvest these 
seeds are therefore more comparable to frugivores 
than to seed predators. 


POLLEN AND NECTAR FEEDERS 


Among holometabolous insects, bees and masarine 
vespids are the only ones to successfully exploit pollen 
and nectar as a larval food resource. Their ancestral 
habits of nest building and foraging for scattered prey 
items probably allowed them to exploit this very dis- 
persed but nutritious food resource. In the process of 
gathering pollen and nectar for their larvae, these 
hymenopterans often pollinate plants. Plants that have 
come to depend upon bees for pollination often 
produce even more nutritious pollen than plants polli- 
nated by other means. For example, plants that release 
pollen through apical pores in the anthers are usually 
bee pollinated (by a vibrational ‘buzz pollination’, see 
Chapter 18) and may contain the highest crude 
protein content of any pollen, from 55 to 65 percent 
(Buchmann, 1983). The protein content of pollen from 
other plants utilized by bees is usually in the range of 
20 to 35 percent, which is still much higher than that 
of wind-pollinated plants which is under 10 percent 
(Stanley & Linskens, 1974). In addition to protein, 
pollen provides lipids (usually less than 5 percent), 
sterols, sugars, starches, vitamins and minerals. 

In the best studied example, the honey-bee, foragers 
bring the pollen back to the nest where it is treated by 
other worker bees. Enzymes produced by the hypopha- 
ryngeal glands, mandibular glands, salivary glands or 
the gut are added to the pollen in order to begin the 
digestion process and to prepare it for long term 
storage (as ‘bee bread’). Bacterial action may be 
responsible for the increase in histamine and vitamin 
K content (Winston, 1987). Similar processing of 
pollen appears to occur in other eusocial bees, such as 
stingless-bees (Delage-Darchen & Darchen, 1982). In 
solitary bees an individual female must do all the pro- 
cessing herself. 

Floral nectar consists largely of sugars (5 to 80 
percent) but also contains small quantities of nitrogen 
compounds (less than 0.2 percent protein), minerals, 
organic acids, vitamins (mostly vitamin C), lipids, pig- 
ments, and aromatic substances. Nectar from flowers 
visited by long-tongued bees appears to be generally 
rich in sucrose, whereas nectar from flowers visited by 
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short-tongued bees is often rich in hexose (Baker & 
Baker, 1983), although the reason for this difference 
is not clear. Certain sugars such as mannose, galac- 
tose and rhamnose may be less suitable, or even toxic. 
In the case of the honey-bee, nectar is carried in the 
honey stomach to the nest, where it is transferred to 
nest workers for processing (Winston, 1987). Within 
the crop of the nest worker, enzymes from the 
hypopharyngeal glands are added to the nectar, 
which break down the sugars to simple ‘inverted’ 
forms. It is then exposed to evaporation on the 
worker’s tongue and placed into a cell for further 
evaporation by wing fanning until the water content 
is less than 18 percent. With the water content thus 
reduced the honey is more resistant to yeast infection 
and ready for storage. Honey is likewise stored by 
stingless-bees and bumblebees, and its chemical com- 
position is often influenced by the cells in which 
the honey is stored, for example by resins in the case 
of stingless-bees (Roubik, 1989). 

Other, non-floral, sources of sugar occasionally used 
by bees and vespids as food for larvae include nectar 
from extrafloral nectaries and honeydew produced by 
Homoptera. Outside the bees and vespids, only ants 
utilize these sugar sources as a component in the larval 
diet. Although ants commonly harvest nectar from 
extra-floral nectaries and honeydew from Homoptera, 
they are often notably uncommon at flowers. They 
appear to be largely excluded by mechanical barriers 
and/or chemical deterrents in floral tissue, through 
which they would have to chew in order to reach the 
nectar (Guerrant & Fiedler, 1981), 

In addition to the primary collectors of pollen and 
nectar, some hymenopterous cleptoparasites that 
attack bee nests, such as gasteruptiids and groteine 
ichneumonids, feed as larvae partially or entirely upon 
their host’s pollen reserves. 


FUNGIVORES 


Fungal tissue is qualitatively very different from vas- 
cular plant tissue (Martin, 1979). In general fungal 
tissue is relatively more nutritious than most green 
plant tissue and is certainly more nutritious than 
wood. Fungivory is less common in the Hymenoptera 
than it is in the three other major orders of endoptery- 
gote insects. It occurs only in a very few, specialized 
lineages, most notably the siricoids, the perreyine 
pergids and the attine ants. These three groups exem- 


plify the three general categories of fungivory defined 
for insects in general (Kukor & Martin, 1986): 


e The ingestion of relatively small quantities of 
fungal tissues along with larger amounts of the 
substrate on which the fungus is growing (gener- 
ally wood), in order to assist in the digestion of the 
substrate; 

e The ingestion of the fruiting bodies of larger 
macrofungi; 

e Selective grazing on the vegetative portions and/or 
on the microscopic reproductive structures of fungi. 


Fungus-assisted digestion of wood. To date there 
has been no compelling demonstration that any insect 
is capable of secreting the complete set of enzymes 
(cellulases) necessary for  digesting cellulose. 
Nonetheless several groups of insects utilize cellulose 
as the principal component in their diet. They do so 
by harbouring endosymbionts, or by the ingestion of 
fungal cellulases (Martin, 1987). Among Hymenoptera, 
the larvae of Siricoidea utilize cellulases produced by 
fungi in order to feed on wood. Technically they are 
not true fungivores, since most of their food is derived 
from wood. However, the digestive enzymes necessary 
for processing the wood fragments are acquired from 
the relatively small quantity of fungus ingested, and 
without the fungus the woodwasp larva cannot 
survive beyond the first instar. 

Adult female siricoids inoculate wood with a sym- 
biotic fungus, carried in intersegmental pouches 
located at the base of the ovipositor (Francke- 
Grosmann, 1967; Stillwell, 1967; Spradbery, 1977; 
Madden & Coutts, 1979). The fungi involved are 
species of Amylostereum in the case of conifers, and 
Daedalea unicolor in hardwood trees (Stillwell, 1964). 
These fungi can occur as free-living species, but wood- 

| wasps are probably their major agents of dispersal in 
many areas. Following inoculation by the woodwasp, 
the fungus grows along the larval galleries and in the 
surrounding wood. The female larvae have a pair of 
deep folds (hypopleural organs) between the first and 
second abdominal segments that are filled with fungal 
fragments embedded in a clear secretion that hardens 
to a wax-like consistency before pupation. Upon eclo- 
sion these hardened fungal fragments attach to the 
ovipositor and are eventually taken up into the inter- 
segmental pouches of the adult female. 


Ingestion of fruiting bodies of macrofungi. 
Recently, the first record of any hymenopteran feeding 
on the fruiting body of a macrofungus was obtained in 
Costa Rica. About ten larvae of Decameria rufiventris 
(Pergidae) were found at about 1600 metres in the 
Monteverde cloud forest feeding on a jelly fungus 
(Basidiomycetes, Auricularia sp.), which was growing 
on rotten wood (D. Olson & F. Joyce, pers. comm.). Two 
were reared to adulthood. Some other pergids belong- 
ing to the same subfamily (Perreyinae) may have 
similar habits, as there are a few tantalizing records of 
them occurring in atypical situations. The wingless 
female of a New Guinea species of Cladomacra, has been 
found guarding its eggs under a log (Naumann, 
1984)—a typical situation where jelly fungi grow. In 
the New World, masses of migrating larvae of a species 
of Perreyia have been observed crawling on the ground 
in Costa Rica (1200-1500 metres altitude), Mexico and 
South America. These aggregations of fifty or more 
larvae may be up to 30 cm long, 10 cm broad, and 5 
cm high in the middle, and they progress as a single 
unit. These migrating masses of larvae have been 
observed only during the rainy season and are avoided 
by domestic chickens (C. Flores and INBio parataxono- 
mists, pers. comm.). Recently these larvae have been 
reared through to adults on a diet of mouldy leaf litter 
(J. Ugalde and E. Quirós, pers. comm.) 


Ingestion of microfungi. The only hymenopterans 
that are known to graze on microfungi are the 
fungus-growing ants (tribe Attini), which live in an 
obligate mutualistic association with a fungus that is 
found only in the nests of these ants. The fungus, the 
exact identity of which is still being debated, has lost 
its capacity for sexual reproduction; dispersal occurs 
by means of the queen ant carrying fungal hyphae to 
a new nest site. The ants in turn are dependent upon 
the specialized swollen hyphae of the fungus ('gongy- 
lidia’) as food for their larvae (Weber, 1972, 1982; 
Lofgren & Vander Meer, 1986; Vander Meer et al., 
1990; Hólldobler € Wilson, 19904). 

In the more primitive attine ants, the adults culti- 
vate the fungus on a substrate of insect excrement or 
fallen leaves. Species of Atta and Acromyrmex, which 
are known as the leaf-cutting ants, cut pieces of living 
leaves from plants and carry them to the nest, where 
smaller ants process the leaf material for incorpora- 
tion into their fungal gardens (see Chapter 16). The 
mutualism between attine ants and their fungal 


Host/prey group Families of Hymenoptera attacking 


Protura, Thysanura 
and Microcoryphyia 


Collembola 

Diplura 

Ephemeroptera 

Odonata Eul; Mym; Sce; Sph; Tri. 
Grylloblattaria 


Phasmida Chr. 


Orthoptera Aph; Enc; Eup; Eur; Mym; Rho; Sce; Sph; Tip; Tri. 


Mantodea Eul; Eup; Sce; Sph; Tor. 

Blattaria Eul; Eup; Eva; Mut; Pte; Sph. 

Isoptera Bra, For. 

Dermaptera Ete: 

Embiidina Bra; Sce; Scl. 

Plecoptera 

Zoraptera 

Psocoptera Bra; Mym; Sph. 

Phthiraptera 

Hemiptera Aph; Bra; Enc; Eul; Eup; Eur; Mym; Pte; Sce; Sph; Tri. 
Homoptera-Auchenorrhyncha Aph; Dry; Emb; Enc; Eul; Eup; Mym; Pla; Sph; Tri. 
Homoptera-Sternorrhyncha Aph; Bra; Cer; Enc; Eul; Eup; Mym (?); Pla; Pte; Sig; Sph. 
Thysanoptera Cer; Eul; Mym; Sph; Tri. 

Neuroptera Bra; Cer; Cha; Enc; Eup; Fig; Hel; Ich; Meg; Per; Pte; Sce; Sph; Tri. 
Mecoptera Bra, Ich, Meg; Sph. 


Coleoptera Aul; Bet; Bra; Cha; Dia; Ela; Enc; Eul; Eup; Eur; For, Iba; Ich; Meg; Mut; Mym; Oru; 
Pel; Per; Pla; Pro; Pte; Sce; Sco; Scy (?); Sph; Ste; Tet; Tip; Tor; Tri; Ves. 


Strepsiptera Cha; Pte. 
Trichoptera Ich; Sph. 


Lepidoptera Aph; Bet; Bra; Cha; Ela; Enc; Eul; Eup; Eur; For, Ich; Meg (?); Mut; Mym; Pte; Sce; 
Sph; Tor; Tri; Ves. 


Table 2.2. continued opposite. 


Host/prey group 


Diptera 


Siphonaptera 


Hymenoptera-Symphyta 
Hymenoptera-Apocrita 


Araneae 

Solifugae 

Acariformes 
Parasitiformes (Ixodidae) 
Chilopoda 


Diplopoda 


Isopoda 


Oligochaeta 


Nematoda 


Families of Hymenoptera attacking 


Aph; Bra; Cer; Cha; Dia; Enc; Eul; Eup; Eur; Fig; Ich; Meg; Mon; Mut; Orm (2); Pla; 
Pro; Pte; Sce; Sig; Sph; Tet; Tor; Trg; Tri. 


Pte. 


Aul; Bra; Cha; Chr; Eul; Eup; Eur; Iba; Ich; Mym; Oru; Per; Pte; Sph; Ste; Tor; Trg; Tet; 
Tri; Ves. 


Aph; Bet; Bra; Cer; Cha; Chr; Dia; Ela; Enc; Euc; Eul; Eup; Eur; Fig; For, Gas; Ich; Leu; 
Meg; Mut; Mym (?); Orm; Per; Pte; Sap; Sig; Sph; Ste (?); Tor; Trg; Tri. 


Eul; Eup; Eur; For, Ich; Pom; Pte; Sce; Sph. 
Bry. 

Eul, For. 

Enc. 

For, Pro (?). 

For. 

For. 

For. 


Eul. 


Table 2.2. The groups of terrestrial arthropods (plus Annelida and Nematoda) and the families of Hymenoptera 
that attack them as hosts or prey. Most Formicidae (excluding the specialized predators listed by Hólldobler and 
Wilson, 1990a, Table 15.1) and social Vespidae, which when considered as a group are extremely polyphagous, 
are excluded as are the very few hymenopteran scavengers and necrophages. 

Aul = Aulacidae; Aph = Aphelinidae; Bet = Bethylidae; Bra = Braconidae; Bry = Bradynobaenidae; 

Cer = Ceraphronidae; Cha = Chalcididae; Chr = Chrysididae; Dia = Diapriidae; Dry = Dryinidae; Ela = Elasmidae; 
Emb = Embolemidae; Enc = Encyrtidae; Euc = Eucharitidae; Eul = Eulophidae; Eup = Eupelmidae; 

Eur = Eurytomidae; Eva = Evaniidae; Fig = Figitidae; For = Formicidae; Gas = Gasteruptiidae; Hel = Heloridae; 
Iba = Ibaliidae; Ich = Ichneumonidae; Leu = Leucospidae; Meg = Megaspilidae; Mon = Monomachidae; 

Mut = Mutillidae; Mym = Mymaridae; Orm = Ormyridae; Oru = Orussidae; Pel = Pelecinidae; Per = Perilampidae; 
Pla = Platygastridae; Pom = Pompilidae; Pro = Proctotrupidae; Pte = Pteromalidae; Rho = Rhopalosomatidae; 
Sap = Sapygidae; Sce = Scelionidae; Scl = Sclerogibbidae; Sco = Scoliidae; Scy = Scolebythidae; Sig = Signiphoridae; 
Sph = Sphecidae; Ste = Stephanidae; Tet = Tetracampidae; Tip = Tiphiidae; Tor = Torymidae; 

Trg = Trigonalyidae; Tri = Trichogrammatidae; Ves = Vespidae (Eumeninae). Abbreviations in italics mean that 
the group concerned only attacks the eggs of the particular order, and in bold the group concerned only attacks 


the adults of the particular order. 


partner has allowed the leaf-cutting ants to overcome 
many of the nutritional limitations imposed on other 
phytophagous insects. This indirect means of utilizing 
green plants apparently permits greater polyphagy. 
The fact that some leaf-cutting ants have achieved the 
largest colony size known among insects, with as 
many as seven million individuals in a single colony, 
is evidence for the success of this partnership. The 
quantity of vegetation needed to sustain colonies of 
such size (up to 6000 kg of leaves during the life.of a 
colony; Weber, 1966) makes these ants the single 
most important group of defoliators in the Neotropics 
(see Chapter 3.1). 


CARNIVORY IN THE LARVAL 
r HYMENOPTERA | 


lan D. Gauld E Paul E. Hanson 


The larvae of most apocritan Hymenoptera and the 
Orussidae are carnivorous. Those exceptions that 
devour plant material, the Apidae, Agaonidae, many 
Cynipidae and a few smaller groups that were men- 
tioned above in Chapter 2.3, are probably secondarily 
phytophagous, and many share biological features 
with their carnivorous relatives. Although larval car- 
nivory is a widespread feature in many insect orders, 
larval hymenopteran carnivores have three rather 
unusual characteristics. 


e They are relatively immobile, poorly armoured 
and virtually never free-living. This contrasts with 
Coleoptera, whose predatory larvae are generally 
well armoured and highly mobile, and even some 
Diptera, such as Syrphidae, that have free-living, 
active, predacious larvae. 

e Inthe vast majority of cases the larva feeds on (or 
within) a food organism provided for it by its female 
parent. Thus it is the adult female hymenopteran 
rather than the larva that catches and subdues the 
larval ‘prey’. This too differs from most predatory 
Coleoptera and some Diptera whose active larvae 
seek out and subdue their own prey-organisms. 

e The range of organisms used as larval food is more 
or less entirely restricted to terrestrial arthro- 
pods—insects, spiders and less commonly other 
arachnids (Table 2.2), Except for a eulophid that 
attacks nematodes, and a very few predatory 
social aculeates that use other invertebrates, other 


phyla with common terrestrial representatives 
(such as molluscs, annelids, nematodes or verte- 
brates) are not attacked. This contrasts strikingly 
with the Diptera, whose carnivorous taxa have 
radiated to use a very broad spectrum of food 
organisms (Eggleton €: Belshaw, 1992). 


Traditionally hymenopterans with carnivorous larvae 
have been subdivided into predatory and parasitic 
groups along taxonomic boundaries. Aculeates (i.e. 
members of the Chrysidoidea, Vespoidea and Apoidea) 
with carnivorous larvae have been described as 
‘predators’ and the arthropod provided by the parent 
as food for the larva has been termed ‘prey’. The non- 
aculeate carnivores (the so-called ‘Parasitica’) have 
been called ‘parasitoids’ and the larval food organism 
has been referred to as a ‘host’. However, the implied 
differences between predators and parasitoids are a 
matter of degree, not of kind. A parasitoid larva devel- 
ops on a single host individual whereas the larva of a 
predator utilizes more than one individual as food 
(Eggleton & Gaston, 1990). The distinction is com- 
pletely arbitrary in a few species of Hymenoptera 
where the larva may develop on just one arthropod, 
or on two or three, depending on the size of the 
arthropod (e.g. a few species of Ichneumonidae 
and Sphecidae). Moreover, the predator/parasitoid 
dichotomy has tended to obscure the fact that devel- 
opment in the less advanced members of both groups 
is fundamentally the same—they develop by consum- 
ing an immobilized arthropod provided for them by 
the female parent (Gauld & Bolton, 1988). 

The term parasitoid has been used to describe those 
insects whose larvae develop on an arthropod host, 
but unlike parasites, the host is nearly always killed. 
However, in terms of their effects on the population of 
the host, parasitoids are similar to parasites that cas- 
trate (and thus reproductively ‘kill’) their host (Kuris, 
1974). In practice the term parasitoid has been taxo- 
nomically limited to insects, and more specifically to 
56 families of Hymenoptera, 21 families of Diptera, 11 
families of Coleoptera, two families of Lepidoptera and 
one family of Neuroptera (Eggleton & Belshaw, 1992). 
However, several groups of non-insects, such as 
mermithid nematodes and some fungi, also fit the 
definition of parasitoid: ‘an organism which develops 
on or in another, single (“host”) organism, extracts 
nourishment from it, and kills it as a direct or indirect 
result of that development’ (Eggleton and Gaston, 


1990). We generally accept this definition of a para- 
sitoid, which it should be noted includes many soli- 
tary aculeates that provide a single arthropod as food 
for their larva. For convenience, however, we also 
include as parasitoids gregarious species, where a 
number of individual larvae develop to maturity on a 
single host, as well as the very few hymenopterans 
which, perhaps exceptionally, do not actually kill the 
host. A few hymenopterans that are evolutionarily 
derived from typical parasitoids feed on several hosts 
in close proximity, and are thus, strictly speaking, 
predators. Examples include evaniids, which feed on 
several eggs in a cockroach ootheca, Tromatobia 
species (Ichneumonidae), which feed on a series of 
eggs in a spider egg sac (Gauld, 1991), and some 
pteromalid larvae that feed on several cecidomyiid 
larvae in a seed pod (Parnell, 1963). Such species 
have been referred to as ‘pseudoparasitoids’ (Fitton et 
al., 1988), but this term can be confusing and here we 
simply refer to them as predators. 

The most primitive type of larval carnivory is 
exemplified by the family Orussidae, where adult 
females of at least some species immobilize an arthro- 
pod larva concealed in wood and oviposit upon it 
(Nuttall, 1980). The larva feeds externally on the 
immobilized arthropod provided for it by its mother. 
Essentially the same habits are shown by such primi- 


Idiobiont 

Host development curtailed at time of oviposition 
Adult often long-lived 

Adult generally host-feeds 

Synovigenic; egg large 


Host range often broad, sometimes several orders attacked 


Hosts concealed or protected by thick cuticle 


Major differences between species tend to be in 
morphological features that enable adult to gain 
ovipositional access to host 


tive families as Stephanidae and Megalyridae, as well 
as the basal groups of most other Hymenoptera (e.g. 
Braconidae, Ichneumonidae and Chalcidoidea) (Fig. 
2.09). From this ancestral habit all other higher 
hymenopteran lifeways have been derived (Gauld & 
Bolton, 1988). 

More meaningful and useful than the 
parasitoid/predator dichotomy is the differentiation 
between idiobionts and koinobionts (see Table 2.3). 
IDIOBIONTS feed as larvae on a host whose develop- 
ment has been arrested by the female parent prior to 
oviposition (Askew & Shaw, 1986). Their larvae thus 
develop by consuming a defenceless, immobilized food 
resource. Consequently the host utilized is generally an 
arthropod living in a concealed or protected situation, 
such as the wood-boring larvae or the cocooned pupae 
or prepupae of endopterygote insects. The host's own 
concealment or thick cuticle offers it, and its idiobiont 
parasitoid, protection from scavengers after it is immo- 
bilized. KOINOBIONTS, on the other hand, feed on or 
within a host that continues to develop after being par- 
asitized. As the host remains active, exposed or weakly 
concealed hosts can be utilized, and the host's death is 
often postponed until after it has gained the protection 
of its pupation retreat. Some biological features and 
consequences of these two modes of development are 
outlined in Table 2.3. 


Koinobiont 

Host allowed to continue development after oviposition 
Adult often rather short lived 

Adult often does not host-feed 

Often pro-ovigenic; egg often small 


Host range often narrow, rarely more than one order 
attacked 


Hosts often exposed or weakly concealed, or well-concealed 
in ephemeral substrate 


Major differences between species tend to be in 
physiological features that allow larva to circumvent the 
host's immunodefences 


Table 2.3. Biological differences between idiobiont and koinobiont hymenopterous parasitoids. 


Mills (1992) has pointed out a problem with the idio- 
biont/koinobiont dichotomy—namely that an endopar- 
asitoid showing continuous development would be 
considered to be a koinobiont if it attacked larvae, but 
an idiobiont if it attacked pupae. He advocated a more 
complex system of classification of parasitoid guilds, 
based on the stage of the host attacked, the mode of 
parasitism (ecto- versus endoparasitism) and the form 
of parasitoid development (continuous versus delayed). 
However, while we accept the existence of the anomaly 
Mills outlined, we suggest that the idiobiont/koinobiont 
division is a very practical classification for discussing 
parasitoid biology in general terms. 


THE IDIOBIONT STRATEGY 


As idiobionts generally utilize hosts in concealment or 
some form of protection, one of the major problems they 
have had to overcome is how to gain access to such 
hosts. Often this has been achieved by the parasitoid 
inserting its usually long ovipositor through the inter- 
vening substrate, stinging the host in situ, then laying 
an egg onto this immobilized host. Consequently many 
such parasitoids show a wide range of morphological 
specializations associated both with manipulating the 
ovipositor and penetrating a particular substrate (e.g. 
Gauld, 1987; see also Chapter 4.3), and with making 
an exit from their concealed place of development when 
they are adults. Many ichneumonoid parasitoids of 
wood-boring beetle larvae, for example, have long 
ovipositors with characteristic patterns of apical teeth, 
complex ovipositor guides on the coxae or metasomal 
tergites, and strong mandibles with powerful muscles 
housed within broad genal cavities (Gauld, 1991). 

Not all idiobionts attacking concealed hosts bore 
through the substrate with their ovipositor; some may 
burrow or chew their way to a prospective host. For 
example, ichneumonine ichneumonids push their way 
into leaf-rolls or tunnel in the soil to reach pupae 
(Lloyd, 1940; Hinz, 1983). This type of behaviour is 
best known within many groups of lower aculeates, 
which cannot use the ovipositor to pass an egg 
through a substrate. Scoliids and tiphiids attack beetle 
larvae in their burrows or earthen cells (Clausen et al., 
1932, 1933), while some chrysidids bite a hole in an 
insect's cocoon and insert their telescopic metasoma 
in order to sting and oviposit onto the host (Kimsey, 
1992b). Bethylids frequently attack the concealed 
larvae of beetles and microlepidoptera by forcing their 


way into the host’s place of concealment (Gordh, 
1976a; Gordh & Hawkins, 1981). 

The larvae of parasitoids that attack hosts in con- 
cealment with their long ovipositors are generally 
fairly safe from attack by other parasitoids and scav- 
engers, but species that push or chew their way to a 
prospective host could leave it accessible to these com- 
petitors. They adopt various strategies for protecting 
the host. For example, cleptine chrysidids, which bite 
a hole in a sawfly cocoon, prevent other carnivores 
from gaining access to their offspring’s host by sealing 
the hole with a mucilaginous oral secretion (Kimsey & 
Bohart, 1990). Other parasitoids, such as the tiphiid 
Pterombrus, bury a host after oviposition (Palmer, 
1976), while some bethylid species drag the paralysed 
host into concealment prior to oviposition (e.g. 
Richards, 1932; Krombein, 1955; Yamada, 1955). 
This feature, actively hiding a paralysed host prior to 
oviposition, is most developed in the higher aculeate 
lineages, where the adult female often constructs a 
place of concealment (i.e. nest) before she searches for 
a host (see Chapter 2.6). Other idiobiont parasitoids 
remain with their host after oviposition, defending 
their offspring. Such behaviour is uncommon among 
the non-aculeates, but is known in species of the Old 
World braconid genus Cedria and the cosmopolitan 
eulophid genus Melittobia (Doutt, 1973). Cedria para- 
doxus, for example, remains with the host caterpillar 
after oviposition, and guards her brood against chalcid 
hyperparasitoids (Beeson & Chatterjee, 1935). In the 
aculeate lineage, however, brood care is more wide- 
spread, even in the more basal lineages. For example, 
some bethylids attacking hosts in weak concealment 
remain with the parasitized host until their offspring 
have pupated (Hardy & Blackburn, 1991). 

Most idiobiont larvae that consume concealed hosts 
are ectophagous (ectoparasitic), that is they develop 
externally on the host which is consumed through an 
integumentary lesion. An important feature of such 
species is the fact that the venom of the female parent, 
injected prior to oviposition, has effectively immobilized 
the host. Such venom may cause the host’s death, but 
more usually it paralyses the host (e.g. Beard, 1978; 
Bocchino & Sullivan, 1981), preventing it from dislodg- 
ing or damaging the rather fragile parasitoid egg or 
young larva. Paralysed hosts may remain alive, and 
fresh, for several weeks (Askew, 1971). 

Although many idiobionts only attack hosts in con- 
cealment, several idiobionts attack more exposed 


hosts. The nest-building aculeates are able to exploit a 
wide range of free-living or relatively exposed, active, 
hosts (e.g. nymphs and adults of exopterygote insects 
and the adults of endopterygotes—Table 2.2) because 
they subsequently conceal the immobilized host prior 
to oviposition. Some other idiobionts attack relatively 
exposed, immobile hosts and do not remove them to a 
concealed site. For example, scelionids and tri- 
chogrammatids attack insect eggs on leaves, while 
pimpline ichneumonids and some pteromalids attack 
naked lepidopterous pupae hanging from the vegeta- 
tion (Gauld, 1991). Such parasitoids are generally 
endophagous (endoparasitic), feeding within the host 
and using the cuticle or chorion of the host for their 
own protection. 

Endoparasitic idiobionts of larvae and pupae are 
likely to be subjected to the actions of the host 
immunodefensive system (see Chapter 2.5). 
Endoparasitic idiobionts prevent or restrict host reac- 
tions against their larvae in several ways, such as the 
injection of venoms that paralyse the host (Vinson & 
Iwantsch, 1980a) and physical destruction of the 
brain by the young larva (Führer & Kilincer, 1972). 
The larvae of some endophagous idiobionts that 
develop in prepupae or pupae may be exposed to detri- 
mental effects resulting from damage to the host's 
internal organs. These include melanization from 
tissues injured by the parasitoid, and septicaemia 
resulting from midgut bacteria entering the haemo- 
coel if the gut wall is damaged. The larva of one 
endophagous idiobiont ichneumonid is known to 
secrete a substance that inhibits melanization and has 
antibiotic properties against bacteria and fungi 
(Führer & Willers, 1986). This substance is produced 
by two greatly enlarged Malpighian tubules and is 
secreted via the anus. Similar substances will probably 
be found in other endoparasitoids with a similar 
biology, especially in some species of chalcidoids that 
devour only part of the host pupa but somehow 
appear to prevent decay from occurring in the uncon- 
sumed parts. 

Endoparasitic idiobionts of eggs do not have to 
contend with the host’s immunodefensive system 
since this is lacking in eggs (Salt, 1970). The most 
serious problem facing egg parasitoids is that, unless 
the female parasitoid oviposits almost immediately 
after the host has laid the egg, the host egg may hatch 
before that of the parasitoid (Strand, 1986). This 
problem is especially acute in the case of holome- 


tabolous hosts (i.e. Coleoptera, Lepidoptera and 
Diptera), which often hatch in three days or less. In 
such cases the female parasitoid may inject a venom 
that contains an arrestment factor, which prevents 
host embryonic development (Strand et al., 1986). 
Another adaptation of some egg parasitoids is 
PHORESY, whereby the female wasp attaches to the 
female host, allowing the parasitoid immediate access 
to freshly laid eggs (Clausen, 1976). 

Since the idiobiont larva usually feeds on a host 
that is little more than a defenceless piece of meat, 
many have the potential to successfully develop on a 
wide range of hosts. Species that attack deeply con- 
cealed hosts, and only encounter the host with the tip 
of the ovipositor, may have a very broad host range 
spanning several orders of insects (Fitton et al., 1988; 
Gauld, 1991). Even those that are restricted in nature 
to a very narrow host range can often be cultured 
artificially on a variety of surrogate hosts. Idiobionts 
that have more intimate contact with the host than 
just reaching it with the ovipositor, are often restricted 
to hosts belonging to a single order of insects; if they 
do attack hosts in other orders then these are often 
other parasitoids associated with the host. In part, this 
narrower host range may reflect a need for more 
specific cues in host recognition, as is probably the 
case in the Ichneumoninae where host range is very 
narrow (Hinz, 1983; Mills, 1992). However, in the 
case of the endophagous idiobionts that attack 
exposed hosts, a narrow host range may result from 
such hosts being chemically better defended than 
deeply concealed hosts, and therefore only exploitable 
by relatively specialist parasitoids capable of avoiding 
toxins or rendering them harmless. 

Except for egg parasitoids, the hosts of idiobionts are 
often concealed, quite mature, and tend to be infre- 
quently encountered; consequently, female idiobionts 
are often long-lived. Such species are SYNOVIGENIC, 
that is, throughout their life they successively develop 
a number of eggs to maturity, and at any one time 
the female will only have a few mature eggs in the 
oviduct. Since these eggs are deposited on a defence- 
less host it is advantageous if they develop rapidly so 
that the parasitoid larva can consume the host before 
the host is attacked by scavengers or micro-organisms. 
Consequently synovigenic species generally produce 
relatively large, yolky eggs (Price, 1974). These eggs 
are enriched on their passage down the mother's 
ovariole and thus their production is physiologically 


‘expensive’ for the parent. Adult females usually feed 
on prospective hosts to provide extra proteins for egg 
production (see Chapter 2.5, host-feeding). 


THE KOINOBIONT STRATEGY 


As stated above, koinobionts allow their host to con- 
tinue development after parasitization. In the case of 
egg-larval parasitoids the adult female oviposits into the 
host egg and her offspring emerges from the host larva; 
similarly, koinobionts include egg-pupal, larval-larval, 
larval-pupal, and nymphal-adult parasitoids. Many 
koinobionts often spend a protracted period as an egg 
or an early instar larva postponing destroying the host 
until after it has concealed itself for pupation. In the 
case of egg-pupal parasitoids they are thus dormant for 
their host’s entire larval life. Since developing koino- 
bionts often remain associated with their hosts for a 
long period of time, both the parasitoid and its host are 
vulnerable to mortality factors for a longer period than 
idiobionts. Nonetheless, the fact that koinobiosis has 
evolved repeatedly and independently in numerous lin- 
eages of Hymenoptera (Whitfield, 1992) suggests that 
there are certain advantages to this strategy. 
Koinobiosis may be regarded as an adaptation to 
allow parasitoids to exploit hosts living in exposed situ- 
ations, such as leaf-feeding caterpillars. By postponing 
permanent immobilization until after the host has con- 
structed a pupation retreat, egg-pupal and larval-pupal 
koinobionts are able to complete their development in 
a relatively secure situation. They thus have the selec- 
tive advantages of being able to attack relatively easily 
discoverable hosts, yet for the period they actually 
incapacitate the host, benefit from the concealed site 
in which the host larva pupates. Unlike the host of an 
idiobiont, the host of a koinobiont usually continues to 
grow, and therefore the female koinobiont can afford 
to lay her egg in a young host that is initially too small 
to sustain the growth of her offspring. Young hosts are 
more numerous and therefore generally easier to 
locate than older hosts (Price, 1972), and young host 
larvae usually offer less resistance to attack (e.g. 
smaller defensive droplets, Johansson, 1951; softer 
cuticle, Beckage & Riddiford, 1978). Attacking early- 
instar larvae may also provide a competitive advantage 
since the first parasitoid to become established in a 
host is often able to kill subsequent competitors. 
Comparatively few koinobionts are ectoparasitoids. 
Examples include tryphonine ichneumonids, poly- 


sphinctine ichneumonids (Fincke et al., 1990), some 
rogadine braconids (M.R. Shaw, 1983), most dryinids 
and a few pompilids (e.g. Notocyphus, Simons, 1989). 
In these parasitoids egg placement is generally very 
important. Many sting and temporarily paralyse the 
host prior to oviposition, then position the egg in a 
place where it cannot easily be dislodged, such as just 
behind the head (Baltensweiler & Moreau, 1957) or 
under overlapping sclerites as in some dryinids. 
Generally the egg is cemented in place, but try- 
phonines have eggs that are furnished with a barb that 
anchors them to the host’s integument (Mason, 1967; 
Kasparayan, 1981). All koinobiont ectoparasitoids 
have to contend with the possibility of being sloughed 
off during moulting. Many tryphonines avoid this by 
attacking only final instar larvae, but the eulophid 
Euplectrus injects a venom which prevents its host from 
moulting (M.R. Shaw, 1981; Coudron et al., 1990). 

The majority of koinobionts are endoparasitoids. 
Although a few of these do temporarily paralyse the 
host prior to oviposition (e.g. see Wharton, 1984), 
most do not. Many koinobiont endoparasitoids insert 
their ovipositor into the host only once, but there is 
clear evidence they inject a venom along with the 
egg (e.g. Veen, 1981). This venom may have subtle 
and diverse effects on the physiology and develop- 
ment of the host (see review by Vinson & Iwantsch, 
1980b). Endoparasitic koinobionts undergo a long 
developmental period within an active host, and 
therefore, compared to idiobionts and ectoparasitic 
koinobionts, they have to cope with a physiologically 
much more demanding existence. They must not 
seriously debilitate their host lest it (and thus also 
they) be consumed by a predator, but at the same 
time they must suppress or avoid the immunological 
defences of the host (see Chapter 2.5). Many koino- 
biont endoparasitoids pass the period between ovipo- 
sition and host cocoon formation as a protracted first 
instar larva. This perhaps serves either to avoid 
debilitating the host by their feeding activity, and/or 
it enables them to fight off competing parasitoids, as 
first instar larvae generally have better developed 
defensive mandibles than other instars. Some koino- 
biont endoparasitoids cause the host to pupate pre- 
maturely. This is sometimes mediated by the 
endoparasitoid larva itself (Varley & Butler, 1933; 
Buhler et al., 1985), or it results from venom injected 
at oviposition by the adult female (M.R. Shaw, 1981, 
1983; Jones, 1987). 


Not all koinobiont endoparasitoids delay their own 
development until after the host pupates. Some, espe- 
cially species that oviposit in very young larvae, 
destroy their host prematurely in an exposed situ- 
ation. For example, some campoplegine ichneumonids 
inject substances that halt development of the host by 
inhibiting ecdysteroid production and causing protho- 
racic gland degeneration (Dover et al., 1987, 1989; 
Dover & Vinson, 1990). Such species have evolved a 
variety of means to protect themselves during pupa- 
tion, including camouflaging the cocoon as a bird 
dropping or dead spider prey (Gauld, 1991), pupating 
under or in the remains of a spiny host larva or hard 
host (Balduf, 1926; Gauld & Bolton, 1988) or within a 
‘mummified’ host, spinning a cocoon that hangs from 
the vegetation by a long thread or constructing 
complex thick walled cocoons (Gauld & Bolton, 1988). 

Although some ectoparasitic koinobionts are syn- 
ovigenic, endoparasitic koinobionts are predominantly 
PRO-OVIGENIC; that is, the adult completes ovigenesis 
soon after emergence from the pupa. Most pro- 
ovigenic koinobionts have moderately small eggs 
(Iwata, 1958) and some, such as certain braconids 
(Jackson, 1928; Parker, 1931a; Tremblay, 1966), 
cynipoids (Haviland, 1921; Chrystal, 1930), ichneu- 
monids (Tothill, 1922) and platygastrids (M.C. Day, 
pers. comm.), lay very tiny, alecithal (yolkless) eggs. 
In physiological terms such eggs are relatively ‘inex- 
pensive’ for the female to produce because they 
require little in the way of nutritive substances from 
her. The production of small, low-cost eggs is advanta- 
geous for koinobionts ovipositing in early stage hosts 
because such hosts are more likely to suffer high rates 
of mortality (Price, 1974). Egg enlargement and 
enrichment are actually postponed until after oviposi- 
tion and, for successful embryological development to 
occur, the egg must draw nutritive substances from 
the host haemolymph. During this development an 
alecithal egg may increase in size dramatically 
(Oglobin, 1913; Jackson, 1928). Many, if not all, are 
characterized by the rapid development of an outer 
nutritive layer, which may or may not be composed of 
discrete cells. This nutritive layer, the TROPHAM- 
NION (= serosa), seems to have an analogous func- 
tion to the trophocytes associated with a developing 
lecithal egg in the ovariole (see Chapman, 1969; 
Pennacchio et al., in press). Thus the alecithal egg 
itself is parasitic upon the host, and its trophamnionic 
‘feeding’ prior to eclosion may have a noticeable effect 


upon the fitness of the host (Polaszek, 1986). This 
type of embryological development has sometimes 
given rise to polyembryony (see Chapter 2.5). 

Upon eclosion of the egg the trophamnion may 
fragment and the resultant cellular parts, the TERA- 
TOCYTES (‘giant cells’), are liberated into the host 
haemocoel (Vinson, 1970; Dahlman, 1990, 1991; 
Kitano et al., 1990; Tanaka & Wago, 1990; Tawfik, 
1991), After dissociation the teratocytes do not divide, 
but they absorb nutrients from the host and may 
increase in size ten to twenty times (Sliiss, 1968). 
Except for Scelionidae, all of which are idiobionts, ter- 
atocytes are known only from certain koinobionts, 
namely Platygastridae and several evolutionary lin- 
eages of Braconidae (Vinson & Iwantsch, 1980b; 
Biihler et al., 1985). A single teratocyte has been 
reported in association with a trichogrammatid 
(Voegele et al., 1974), but this may be a polar body 
(Strand, 1986). These cells have otherwise not been 
found in the hosts of Chalcidoidea, nor have they been 
observed in hosts of Ichneumonidae. The number pro- 
duced by a scelionid or a platygastrid is usually less 
than 40, but between one and eight hundred are pro- 
duced by braconids (Vinson € Iwantsch, 1980b). 

Teratocytes appear to have a variety of trophic, 
secretory and immunosuppressive functions (Dahlman, 
1991). In some parasitoid species the developing larva 
feeds on teratocytes (Polaszek, 1986), but in other 
species this does not appear to be the case (Vinson & 
Lewis, 1973). Young teratocytes are often secretory, 
have an extensive endoplasmic reticulum, and bear 
microvilli, while older ones have an extensively 
ramified nucleus, lipid and autophagic vacuoles, and 
appear to be degenerating (Sliiss & Leutenegger, 1968; 
Vinson, 1970; Gerling & Orion, 1973; Vinson & Scott, 
1974). The substances secreted by teratocytes have 
been observed to have a variety of effects on their hosts 
(Table 2.4). 


Tan D. Gauld and Paul E. Hanson 


The two basic strategies of carnivorous Hymen- 
optera, idiobiosis and koinobiosis, were outlined 
above. In this section host-parasitoid interactions are 


Parasitoid species 


Apanteles kariyai 
(Braconidae: Microgastrinae) 


Cardiochiles nigriceps 
(Braconidae: Cardiochilinae) 


Chelonus sp. 
(Braconidae: Cheloninae) 


Cotesia glomerata 
(Braconidae: Microgastrinae) 


Reference 


Tanaka & Wago, 
1990 


Vinson, 1970 
Joiner et al., 
1973 


Pennacchio et al., 
1992 


Búbler et al., 
1985 


Führer & Elsufty, 
1979 


Teratocyte secretion 


A substance that inhibits encapsulation of 
parasitoid by host 


A substance that delayed host larval development 
and resulted in malformed host pupae 


Juvenile hormone 
Substance causing complete pupation failure 
by host 


A substance causing developmental disruption 
in the noctuid host 


A fungistatic agent 


Kitano et al., 
1990 


Microplitis croceipes Hegazi & Führer, 
(Braconidae: Microgastrinae) 1985 


Dalman, 1991 
Zhang et al., 
1992 


Telenomus heliothidis Strand, 1986 


(Scelionidae: Telenominae) 


A substance that suppresses phenyloxidase 
activity in pierid host 


A substance that helps suppress physiological 
development of competitors 


Substances causing delayed host larval development 
and inhibition of juvenile hormone esterase production 


A substance that inhibits juvenile hormone 
esterase release 


Secretion of digestive enzymes 


Table 2.4. Effects of substances produced by teratocytes of various parasitoids. 


reviewed and, wherever possible, discussed from a 
phylogenetic perspective. The account presented here 
is intended as an introduction to parasitoid biology 
and as an entry into the vast and burgeoning litera- 
ture on the subject. Godfray (1994) has presented an 
excellent and comprehensive review of this subject 
area. 


HOST-FEEDING 


The majority of adult hymenopterous parasitoids 
require an intake of carbohydrates in the form of hon- 
eydew, nectar or other plant secretions (Vinson & 
Barbosa, 1987). In the laboratory, the adult longevity 
of many species can be greatly increased by feeding a 
honey-water mixture, ten percent sucrose solution, 
aphid honeydew, or pared ripe fruit (Laing & 


Caltagirone, 1969; Ridgway & Mahr, 1990). Many 
female parasitoids also feed extensively on the body 
fluids of prospective hosts, which exude from wounds 
inflicted by the parasitoid with its ovipositor (Leius, 
1960; Bartlett, 1964; Askew & Shaw, 1979), and 
some ichneumonids and dryinids consume host tissue 
in addition to fluids (Leius, 1961b; Waloff, 1974). 
Such HOST-FEEDING, as it is now generally called, 
has been observed in members of 17 families in the 
Ichneumonoidea, Chalcidoidea, Proctotrupoidea, 
Chrysidoidea and Vespoidea (Jervis & Kidd, 1986), and 
is probably common in most parasitoid groups. An 
interesting parallel with host-feeding by carnivorous 
parasitoids is the observation that a species of phy- 
tophagous eurytomid feeds on the exudation from the 
wound it makes in a seed ‘host’ while ovipositing 
(Hedlin, 1956). 


The occurrence of host-feeding seems, to some extent, 
to be correlated with egg production. Synovigenic 
species that continue to produce large, fully-yolked 
(lecithal) eggs throughout their lives need frequent 
protein meals in order to sustain egg production. 
Although many such species (e.g. Bracon hebetor) are 
capable of laying a few eggs without first host-feeding 
(Lum, 1977), host-feeding is necessary to maximize egg 
production. Other species, however, must host-feed 
before they can begin ovipositing (Leius, 19614). 

The female sometimes uses the same organism both 
for feeding and oviposition (concurrent host-feeding). 
In these cases the female parasitoid is usually small in 
relation to the host and feeding by the parasitoid is 
probably not detrimental to the development of her 
offspring. However, most parasitoids feed on prospec- 
tive host individuals that are not used subsequently 
for oviposition (non-concurrent host-feeding). In such 
cases the female usually feeds on an earlier host stage, 
and oviposits on a later stage (Kidd & Jervis, 1991), as 
occurs for example in Aphytis lingnanensis (Rosenheim 
& Rosen, 1992). Often the individual on which the 
female has fed is severely debilitated or killed. Host- 
feeding adult parasitoids thus cause additional mortal- 
ity in a host population over and above that caused by 
actual parasitism, and this sometimes exceeds the 
mortality caused by parasitism (Campbell, 1963). In 
Costa Rica several eulophid parasitoids of leaf-miners, 
such as Liriomyza and the coffee leaf-miner (Leucoptera 
coffeella, Lyonetiidae), appear to cause significant host 
mortality by host-feeding (P. Hanson, unpubl.). 

Some synovigenic species are able to resorb mature 
eggs or oocytes when deprived of hosts on which to 
feed and/or oviposit (King, 1962, 1963; King & 
Richards, 1968; Sugimoto et al, 1983). Through 
oósorption materials contained in the eggs are used 
both for maintenance of the adult parasitoid, and for 
sustaining oógenesis until host-feeding can be 
resumed (Jervis & Kidd, 1986). However, observations 
on Coccophagus bartletti (Aphelinidae) indicate that the 
oógenesis-oósorption cycle is possibly not a mechan- 
ism evolved to optimize nutrient use to the extent 
often envisaged (Walter, 1988). The usual low level of 
resorption that does occur in some species may simply 
be a consequence of old eggs sequestering juvenile 
hormone less competitively than younger ones 
(Chapman, 1969) or it may indicate a shortage of 
certain amino acids. No special function in terms of a 
constantly operating production line that econom- 


ically maintains reproductive potential need be 
assigned (Walter, 1988). 


SOLITARY AND GREGARIOUS PARASITOIDS 


In the discussion of the idiobiont and koinobiont strate- 
gies above most of the examples given were SOLITARY 
parasitoids, where a single larva utilizes an entire host 
to complete its development. However, many para- 
sitoids attack a host that is large enough to support the 
development of more than one larva. When this occurs 
the parasitoids are termed GREGARIOUS. Such para- 
sitoids may be ectophagous or endophagous, idiobiont 
or koinobiont. Gregariousness is most commonly 
encountered in the  Diapriidae,  Platygastridae, 
Proctotrupidae, Encyrtidae, Eulophidae, Pteromalidae, 
Braconidae (especially in Microgastrinae) and 
Bethylidae but is very rare in the Ichneumonidae and, 
except for some Trichogrammatidae, is also rare in egg 
parasitoids (Scelionidae and Mymaridae). 

Gregariousness is usually characteristic of a particu- 
lar species, and facultative gregariousness in normally 
solitary species rarely occurs, even when the host 
resource appears to be sufficient to support multiple 
individuals. For example, some solitary microgastrine 
braconids develop in hosts large enough to support 
several similar-sized individuals of congeneric gregari- 
ous species, yet they are apparently never facultatively 
gregarious (LeMasurier, 1987). When facultative 
gregariousness does occur in a species, it is mostly 
in idiobionts. For example, occasionally multiple 
individuals of a normally solitary Pimpla species 
(Ichneumonidae) develop on a single host (Fuester 
et al, 1989). In the cosmopolitan pteromalid 
Muscidifurax raptorellus both solitary and gregarious 
populations are known. In this case the solitary habit 
appears to be dominant and the gregarious habit is 
inherited polygenically (Legner, 1991). 

In the Microgastrinae, which are koinobiont 
endoparasitoid braconids, there is a bimodal frequency 
distribution of brood sizes, with large numbers of 
species being solitary, large numbers having brood 
sizes between twelve and twenty-six, and relatively 
few with brood sizes between two and eleven 
(LeMasurier, 1987). This may be because there is a 
minimum clutch size for gregarious species below 
which no larvae survive (Kitano, 1986), probably 
because they are incapable of overwhelming the host’s 
immunodefensive system. There is no such bimodality 


in many gregarious idiobionts. For example, tri- 
chogrammatids adjust the number of eggs they lay in 
a single host egg from one to sixty, depending upon 
host size (Klomp & Teerink, 1962; Pallewatta cited by 
LeMasurier, 1987). Similarly, a gregarious ectopara- 
sitic braconid was observed to lay between one and 
about twelve eggs on its lepidopterous host depending 
upon the instar attacked (Knight & Croft, 1989). 

Although gregarious parasitism is usually the result 
of multiple eggs being laid on or in one host individ- 
ual, gregariousness may result from repeated division 
of a single egg, a phenomenon called POLYEMBRY- 
ONY. Polyembryony has evolved in several taxonomi- 
cally distinct groups of pro-ovigenic endoparasitoids 
that have an alecithal, ‘feeding’ egg: Braconidae 
(Macrocentrus) (Daniel, 1932), Encyrtidae (e.g. 
Copidosoma and related genera) (Patterson, 1921; 
Leiby, 1922), Platygastridae (Platygaster) (Leiby & Hill, 
1924), and Dryinidae (Crovettia) (Kornhauser, 1919). 
The most extreme form of polyembryonic development 
occurs in some species of Copidosoma, where one egg 
may give rise to several thousand individuals. The 
oviposition of at least two eggs is necessary to produce 
broods that contain both sexes (Hardy et al., 1993). 
C. floridanum oviposits in the host egg, where its own 
egg cleaves to give rise to a morula. This morula pro- 
liferates to form secondary morulae during the first 
four larval instars of the host. By the second day of 
the host's fourth instar proliferation ceases and the 
secondary morulae increase in size. On the first day 
of the host’s fifth instar morphogenesis begins 
(Baehrecke & Strand, 1990). The production 
of numerous genetically identical siblings in encyrtids 
has facilitated the evolution of larval castes to occur— 
an analogous situation to the development of adult 
castes in ants (see Chapter 16). In Copidosomopsis two 
different larval castes occur (Cruz, 1986a): a normal 
feeding morph that eventually gives rise to an adult 
encyrtid, and a precocious ‘guard’ morph that protects 
its siblings by attacking any other parasitoid larvae 
present, but fails to mature (Cruz, 1981, 1986b). 

The evolution of multiple egg-laying gregariousness 
from solitary parasitism may involve both anatomical 
and behavioural changes. First, adult females of gre- 
garious species need to lay more eggs in a short period 
than do those of solitary species. While this may not 
be a problem for pro-ovigenic species, it could be prob- 
lematical for synovigenic species that generally have 
few ovarioles and few mature eggs at any one time. 


Not surprisingly, gregarious, synovigenic parasitoids 
often have a much greater number of ovarioles than 
similar sized, closely related solitary species (see Iwata, 
1960). Second, multiple egg-laying requires a change 
in the ovipositional behaviour of the female, both in 
actually laying several eggs and, in at least some 
species (e.g. many trichogrammatids), being able to 
assess the size of the host and adjust the number of 
eggs laid accordingly (Klomp & Teerink, 1962; 
Schmidt & Smith, 1985a, 1987). Third, gregarious- 
ness requires a change in larval behaviour. Most soli- 
tary parasitoid larvae will destroy, by physical or 
chemical means, other parasitoids in the same host 
(see p. 60), whereas the larvae of gregarious species 
must tolerate their siblings. Indeed larvae of gregari- 
ous species rarely show the weaponry or inclination to 
be aggressive (Waage, 1986). 

From a theoretical standpoint, the evolution of gre- 
garious parasitism may be restricted by a parent-off- 
spring conflict—that is, selection acts on the adult 
female to optimize her clutch size whereas selection 
acts on larvae to maximize their own adult lifetime 
fitness, which may include intolerance of competing 
siblings (Waage, 1986; Godfray, 1987). A gene for 
tolerance may spread in a population of aggressive, 
solitary parasitoids when fitness per larva in a clutch 
of one is less than that in larger clutch sizes. This can 
occur, for example, when several parasitoid larvae are 
required to overcome a large host’s immunodefensive 
system. Another factor that may increase the likeli- 
hood that larval tolerance will evolve is increased 
relatedness of larvae in the host, the extreme case 
being that of polyembryonic species where the larvae 
are genetically identical. 


HYPERPARASITOIDS 


Many hymenopterous parasitoids, both idiobionts and 
koinobionts, develop by feeding on other parasitoids. 
These are called HYPERPARASITOIDS and hyperpar- 
asitism is a common phenomenon in many 
hymenopterous groups, most notably the 
Trigonalyidae, Ceraphronoidea, Figitidae (Charipini), 
Chalcidoidea and Ichneumonidae. Elsewhere in the 
Insecta hyperparasitism is an extremely uncommon 
strategy  (Gordh, 1981; Sullivan, 1987). 
Hyperparasitoids may be FACULTATIVE (that is they 
may develop either as a primary parasitoid or as a 
hyperparasitoid depending upon circumstance), or 


OBLIGATE; that is, they may develop only as a hyper- 
parasitoid. Perhaps because of their physiologically 
rather unspecialized relationship with their host (see 
above) many, perhaps even most, idiobiont ectopara- 
sitoids are facultative hyperparasitoids. However, 
some idiobionts, such as megaspilids, are obligate 
hyperparasitoids, as are probably all koinobiont 
hyperparasitoids. The majority of hyperparasitoids are 
secondary parasitoids, that is they attack a primary 
parasitoid, but tertiary and even quaternary para- 
sitism also occur facultatively (Haviland, 1920; 
Sullivan, 1972; Levine & Sullivan, 1983; Matejko & 
Sullivan, 1984). 

The term hyperparasitism describes a trophic inter- 
action, but this interaction may, as stated above, be 
anything from an almost serendipitous event through 
to very highly specialized associations between species. 
Gauld and Bolton (1988) suggested that hyperpara- 
sitism may have evolved in four broad ways depend- 
ing upon the association of the ancestor of the 
hyperparasitoid. In the following discussion the term 
primary host is used for the host of the parasitoid 
(definitive host) attacked by the hyperparasitoid. 
Gauld and Bolton’s evolutionary types are: 


A) hyperparasitism resulting from an association 
with the primary host; 

B) hyperparasitism resulting from an association 
with the definitive host (primary parasitoid); 

C) hyperparasitism resulting from an association 
with predators of the primary host; 

D) hyperparasitism that has evolved without any 
close association with either the primary host or 
the primary host's guild of parasitoids or predators. 


Type A hyperparasitism is perhaps the least special- 
ized and most common form. Many idiobionts are fac- 
ultative type A hyperparasitoids, paralysing and 
ovipositing on either a concealed primary host, or its 
parasitoid developing in the host’s place of conceal- 
ment. Gauld (1991) cites several examples from pim- 
pline ichneumonid genera represented in Costa Rica. 
Most type A hyperparasitoids locate hosts by using 
cues derived from the presence of the primary host, so 
it is serendipitous whether it consumes the primary 
host, or a parasitoid of such a host. Given the rather 
generalized trophic requirements of many idiobiont 
ectoparasitoids it probably does not make much differ- 
ence what the host is, so the type A relationship is 


most usually facultative. However, some type A 
hyperparasitoids do seem to be obligate hyperpara- 
sitoids, but these are usually endoparasitoids. For 
example, Prochiloneurus species are obligate hyperpar- 
asitoids of encyrtid parasitoids of coccids (Rosen, 
1981). Many related genera of encyrtids are either 
primary or primary and facultative secondary para- 
sitoids of coccoids, suggesting the obligate hyperpara- 
sitism exhibited by Prochiloneurus evolved in a type A 
manner—that is via an association with the primary 
host. 

Type B hyperparasitoids include some of the most 
biologically specialized of all the hyperparasitic species, 
including trigonalyids and mesochorine ichneu- 
monids. A common feature of this group is that they 
are all obligate hyperparasitoids and are apparently 
unable to develop on the primary host. All seem to 
have tracked their definitive hosts or its close phylo- 
genetic relatives, through evolutionary time. For 
example, mesochorine ichneumonids are obligate 
koinobiont endoparasitoids of the larvae of ichneu- 
monoid and tachinid endoparasitoids. Most attack 
hosts in endopterygote larvae, but some attack 
euphorine braconid larvae in a mirid primary host; no 
other group of Ichneumonidae is known to oviposit 
into Hemiptera. Presumably mesochorines have 
somehow tracked euphorines, possibly by locating an 
ovipositional marker or similar parasitoid-derived 
chemical, from the euphorines’ ancestral endoptery- 
gote hosts (S.R. Shaw, 1988a) to a quite different host 
group. A similar example is found in the Chalcididae 
where Brachymeria moerens attacks parasitic fly larvae 
within a grasshopper (Léonide & Léonide, 1969); 
other species of Brachymeria are parasitoids of dipter- 
ous larvae, but no chalcidid is known to attack 
orthopterans. 

Neither the primary nor the definitive hosts of type 
C hyperparasitoids are attacked by the parasitoid’s rel- 
atives, but they do have relatives that are primary par- 
asitoids of predators of the primary host. For example, 
some Dendrocerus species (Megaspilidae), develop as 
idiobiont hyperparasitoids of aphids through aphidiine 
braconids (Matejko & Sullivan, 1984; Sullivan,.1987), 
and although no close relatives of these hyperpara- 
sitoids are known to be either primary parasitoids of 
aphids or hyperparasitoids of other braconids, many 
are known to be primary parasitoids of a range of 
aphid-associated predators, including the larvae. of 
Coccinellidae,  Chrysopidae, - Hemerobiidae and 


Syrphidae. If one assumes that the hyperparasitic con- 
dition evolved from the primary parasitic condition 
exemplified by living relatives, then a host switch must 
have occurred. Other examples include Syrphophagus 
(Encyrtidae) and Pachyneuron (Pteromalidae), species of 
which are either aphid hyperparasitoids or syrphid 
primary parasitoids, and the Charipini which are 
hyperparasitoids of Psylloidea or Aphidoidea, while 
their relatives in the Figitinae include parasitoids of 
dipterous larvae that prey on Homoptera. This and 
other examples of such hyperparasitism seem to 
involve sternorrhynchous primary hosts, a type of host 
that is comparatively easily located by its honeydew 
(Hógvar & Hofsvang, 1989; Cloutier €: Baudin, 1990). 
Presumably the ancestral primary parasitoids located 
their dipterous or other hosts by responding to aphid- 
derived semiochemicals. The same chemical cues are 
apparently still used by the hyperparasitic species 
(Budenberg, 1990). 

Type D hyperparasitoids attack mature larvae or 
pupae of primary parasitoids in their own more or less 
exposed cocoons. Such species, like members of the 
ichneumonid genus Gelis, are invariably idiobionts and 
most attack a range of cocoon-like objects constructed 
by members of various arthropod groups (Muesebeck & 
Dohanian, 1927). However, although most type D 
hyperparasitoids attack a range of cocoons, members 
of certain genera (e.g. in the ichneumonid subtribe 
Acrolytina) may be specialized to attack only certain 
types of ichneumonoid cocoons (Blunck & Kerrich, 
1956) and thus may be considered obligate hyperpara- 
sitoids. Because type D hyperparasitoids attack their 
definitive hosts after these primary parasitoids have 
completed the destruction of their own (primary) hosts, 
Shaw and Askew (1976) refer to them as PSEUDOHY- 
PERPARASITOIDS, in order to distinguish them bio- 
logically from true hyperparasitoids—i.e. those that 
attack their definitive hosts while these parasitoids are 
actually parasitizing other species. 

A particularly bizarre form of hyperparasitism is 
found in some members of the family Aphelinidae, 
where the females develop as primary parasitoids of 
Homoptera but males develop as hyperparasitoids of 
female larvae. The male aphelinid larva feeds on 
a female larva of another species or of its own 
species: (Chapter 11.2). Such a habit is called 
HETERONOMOUS HYPERPARASITISM (‘adelphopara- 
sitism’) and has been discussed in detail by Flanders 
(1967) and Walter (1983) (but see Polaszek, 1991). 


SUPERPARASITISM 


Unlike hyperparasitism, where the hyperparasitoid 
develops by consuming a primary parasitoid (which in 
turn has consumed the host resource), superpara- 
sitism involves one parasitoid competing with another 
(usually to the death) for the host resource. SUPER- 
PARASITISM results from the allocation of one or 
more eggs to previously parasitized hosts. This may 
come about because: 


a) the same individual attacks a host more than 
once (self superparasitism sensu Waage, 1986); 

b) two or more individual parasitoids of the same 
species oviposit on or in a single host (conspecific 
superparasitism sensu Waage, 1986); 

c) one host is attacked by two different species of 
parasitoids (interspecific superparasitism sensu 
Alphen & Visser, 1990, heterospecific superpara- 
sitism sensu Mackauer, 1990, or MULTIPARA- 
SITISM sensu Smith, 1929). 


Ovipositing females of many parasitoid species are 
able to discriminate between parasitized and unpara- 
sitized potential hosts (see below). They tend to avoid 
those hosts that have already been parasitized since, 
at least in solitary parasitoids, normally only one larva 
can survive (e.g. Wylie, 1972; Jalali et al., 1988). 
Although superparasitism in solitary parasitoids has 
been regarded as a maladaptive mistake (e.g. by 
Huffaker & Matsumoto, 1982), various authors have 
considered conditions whereby superparasitism may 
be adaptive (e.g. Alphen & Nell, 1982; Charnov & 
Skinner, 1984; Waage & Godfray, 1985; Waage, 
1986; Speirs et al., 1991; Visser et al., 1992). Self 
superparasitism may be advantageous if repeated 
ovipositions increase the probability of successful para- 
sitism (Alphen & Visser, 1990) by, for example, over- 
whelming a host’s physiological defences, as is the 
case with the ichneumonid Bathyplectes curculionis 
(Puttler, 1974) and at least one strain of the encyrtid 
Comperiella bifasciata (Blumberg € Luck, 1990). 
Conspecific superparasitism may increase a female's 
fitness if unparasitized hosts are very scarce and if the 
younger larva has a greater than zero chance of sur- 
vival (Chow & Mackauer, 1986; Dijken & Waage, 
1987; Takasu & Hirose, 1988; Bai & Mackauer, 1990, 
1991): 


Interspecific superparasitism (multiparasitism) may 
be advantageous to the second parasitoid in a variety 
of ways: 


e by allowing it to locate a host more easily; 

e by allowing it to attack a host that it is otherwise 
incapable of gaining access to; 

e by allowing it to successfully develop in a host in 
which it is otherwise incapable of doing so. 


An example of the first is the interaction between a 
species of Temelucha (Ichneumonidae) and Orgilus 
(Braconidae) attacking a lepidopterous larva (Arthur 
et al., 1964). Temelucha may develop normally as a 
solitary endoparasitoid of the moth larva, but it can 
more easily locate larvae that have been ‘marked’ 
pheromonally by ovipositing Orgilus, than it can 
unparasitized larvae. Thus Temelucha oviposits prefer- 
entially in hosts that are already parasitized by the 
braconid, and its larva is usually competitively supe- 
rior to the braconid larva (Arthur et al., 1964), i.e. the 
Temelucha larva kills the braconid larva and then feeds 
on the lepidopterous larva. 

An example of the second type of advantageous 
interspecific superparasitism is the association of a 
species of Pseudorhyssa (Ichneumonidae: Poemeniinae) 
with the ichneumonid Rhyssa, a parasitoid of siricid 
woodwasps. The Pseudorhyssa can only gain oviposi- 
tional access to the deeply concealed woodwasp larva 
via the ovipositional boring of the Rhyssa. The 
Pseudorhyssa larva is well adapted to fighting and 
destroys the rhyssine larva before consuming the 
siricid (Spradbery, 1969). In Costa Rica there is cir- 
cumstantial evidence to suggest that another poe- 
meniine, Ganodes matai, is doing something similar. It 
possesses a long but poorly sclerotized ovipositor, not 
unlike that of Pseudorhyssa, and it has always been 
found in company with species adapted for drilling 
(Gauld, 1991). Similarly, in the Chalcidoidea, an 
Asian species of Eurytoma can only attack a cocooned 
lepidopterous larva if the cocoon is first breached by a 
chrysidid (Piel, 1933). 

The third way in which interspecific superpara- 
sitism can be advantageous is where a second species 
cannot develop in a particular host unless that host 
has previously been parasitized by another species 
(e.g. Pemberton & Willard, 1918b). For example, 
drosophilid larvae attacked by one species of eucoiline 
can successfully be parasitized by another congeneric 


species that normally cannot develop on this host 
(Streams & Greenberg, 1969). The eggs of Hyposoter 
(Ichneumonidae) are normally encapsulated and 
destroyed in the moth larva Orgyia leucostigma, but 
when the host larva has been previously parasitized 
by a species of microgastrine braconid the ichneu- 
monid develops to maturity (Guzo & Stoltz, 1985). 
Appropriate injection experiments have demonstrated 
that both the virus (see below) and venom of the bra- 
conid are necessary for successful parasitism by 
Hyposoter. : 

All of the above examples of interspecific superpara- 
sitism result in only one species of parasitoid complet- 
ing development on the host. The emergence of two 
different parasitoid species from a single host. individ- 
ual is very rare, but may occur in situations where 
the parasitoids develop gregariously and do not 
consume the entire host (Miller,. 1982). 


HOST SEARCHING BEHAVIOUR AND OVIPOSITION 


The adult female parasitoid searches for a host by 
responding to a series of cues in the environment 
(Vinson, 1978, 1985). When she succeeds in locating 
a potential host (or its immediate covering), she exam- 
ines it more closely, often using her antennae and/or 
the ovipositor tip, in order to ‘decide’ whether or not it 
is acceptable for oviposition. In some species this stage 
may also involve choosing to feed on the host (host- 
feeding) instead of, or in addition to, ovipositing. 
Finally, if the host is accepted for oviposition, the 
female must decide how best to exploit it—how many 
eggs to lay per host (clutch size) and what sex ratio to 
produce among the eggs laid. These processes of host- 
finding, host acceptance and host exploitation have 
been extensively studied in temperate regions (e.g. 
Schmidt, 1992; Vinson, 1992), but virtually nothing is 
known about these aspects of parasitoid behaviour in 
the tropics. Although the processes involved in the 
tropics are likely to be very similar, additional com- 
plexities will probably be encountered. Tropical forests 
are very diverse habitats both in the species-richness of 
the plants and herbivores living there, and in the 
range of potentially toxic secondary plant chemicals 
present (Levin & York, 1978). Many tropical herbi- 
vores are very patchily distributed, or present at a 
lower average density than are herbivores in temper- 
ate forests. Low host density in the tropics could well 
select for parasitoids with a broader host range than 


temperate species, or for parasitoids that are extremely 
good at locating scarce hosts (Janzen, 1981). However, 
the diversity of toxic substances sequestered by many 
insect herbivores may well preclude some generalist 
parasitoids (Gauld et al., 1992; Gauld & Gaston, in 
press) and favour specialists that are both extremely 
efficient at finding scarce hosts, and physiologically 
adapted to cope with particular allelochemicals. 


Host finding 


Searching (or foraging) behaviour is influenced by 
both extrinsic and intrinsic factors (Bell, 1991). 
Extrinsic factors include climatic conditions, the distri- 
bution of resources (hosts) and the risks entailed in 
obtaining them. Intrinsic factors can vary both 
between and within species. Species of parasitoids 
differ in their sensory and locomotory abilities, as well 
as in the time spent handling the resource (e.g. 
drilling through a substrate with the ovipositor). 
Intra-specific variation in searching behaviour has 
three sources (Lewis et al., 1990): 


e genetically fixed differences among individuals of 
a species; 

e phenotypic plasticity allowing individuals to 
modify their behaviour through learning; 

e physiological state of the parasitoid (e.g. egg 
load—Rosenheim & Rosen, 1991; food and mating 
status). 


The female parasitoid searches for hosts by respond- 
ing to a sequence of cues by which she approaches 
increasingly closer to the host. It is useful to distin- 
guish two stages in this searching sequence: HOST 
HABITAT LOCATION-—responding to a series of envir- 
onmental cues culminating in searching for a ‘patch’, 
a microhabitat where hosts could potentially occur, 
and HOST LOCATION—searching within a patch for a 
host. When searching within a patch the female para- 
sitoid generally responds to stimuli that result from 
the host’s actual presence. 


Host habitat location. In general a parasitoid 
species searches for hosts in only a small sector of the 
total environment, to which the female orients regard- 
less of whether hosts are actually present (Vinson, 
1975). Some hosts that are readily accepted in the 
laboratory may not be attacked in the field simply 


because the host does not normally occur in that part 
of the environment where the parasitoid searches. 

The area searched by a particular parasitoid species 
can be defined at different spatial scales. At the largest 
or most inclusive scale, female parasitoids forage in a 
broadly defined climatic or altitudinal zone, as is the 
case for Costa Rican species of the ichneumonid genus 
Pimpla, where three different species are encountered 
flying among forest understorey vegetation as one pro- 
gresses from sea-level to the mountain tops (Gauld, 
1991). One species, Pimpla croceiventris, is commonly 
encountered in seasonally dry lowland forests and 
regenerating woodlands below about 800 metres, 
P. croceipes occurs in more humid primary forests 
between about 800 and 1600 metres, while P. sedula 
occurs at the highest altitudes (above 2000 m), 
though occasional individuals may occur down to 
about 1600 metres. 

At a finer scale parasitoids usually restrict their 
searching in other ways, for example, to particular 
habitats, heights above the ground, types of plants, etc. 
Different species of Trichogramma are known to search 
in different habitats—open fields versus forests versus 
marshy areas (Flanders, 1937). In North America rates 
of parasitism of a corn borer (Ostrinia nubilalis) by a 
campoplegine ichneumonid have been shown to be 
higher near the wooded edges of fields than they are in 
the centres of fields (Landis & Haas, 1992), and in 
Costa Rica striking differences have been observed in 
the parasitoid faunas of young regenerating and 
mature dry forested areas (Gauld & Janzen, unpubl.). In 
some cases habitat preferences may vary seasonally, as 
is the case for the ichneumonid Neotheronia mellosa in 
northwestern Costa Rica. In the wet season this ich- 
neumonid mostly flies in open forests, but in the dry 
season it inhabits denser shaded woodlands (Gauld, 
199] and Fig. 2.04). The amount of sunlight a poten- 
tial host’s microhabitat receives has in several instances 
been shown to affect parasitism rates. For example, in 
North America eggs of the gypsy moth are more fre- 
quently parasitized by a species of Ooencyrtus 
(Encyrtidae) when they occur on trees in clearings than 
in dense forest (Weseloh, 1972). The. braconid 
Cardiochiles nigriceps readily searches tobacco plants in 
sunlit places, but rarely visits these plants in heavily 
shaded situations (Vinson, 1975), and another bra- 
conid, a species of Cotesia, is almost incapable of finding 
its pierid host’s foodplant if this plant is shaded by over- 
growing weeds (Sato & Ohsaki, 1987). The presence of 


nearby plants of other species may enhance (Read 
et al., 1970) or reduce attraction to a specific plant. 
These patterns have implications for the use of mono- 
culture versus intercropping (Kaas et al., 1992). 

Parasitoid species may search for hosts at different 
heights from the ground. For example, in Santa Rosa 
National Park Cryptophion moragai (Ichneumonidae) 
attacks the larvae of the saturniid Syssphinx molina in 
the tops of large Pithecellobium trees; this ichneumonid 
has never been collected (in four continuous years of 
sampling) in Malaise traps under these trees (Gauld & 
Janzen, 1994). In North America gypsy moth pupae 
located in tree tops are more frequently attacked by 
Brachymeria intermedia (Chalcididae) than pupae closer 
to the ground (Weseloh, 1972). Parasitoids of fly 
larvae in the leaf litter (e.g. diapriids, alysiine bra- 
conids, orthocentrine ichneumonids, etc.) appear to 
search primarily at ground level, at least in north tem- 
perate forests. Tropical forests often have a great deal 
of leaf litter in canopy epiphytes, and therefore such 
parasitoids probably show more variation in heights 
at which they search. 

Many parasitoids are attracted by patch-specific 
cues such as volatile chemicals emanating from the 
host’s food source (Vinson, 1984b) irrespective of 
whether or not a host is present in the vicinity. For 
example, Venturia canescens, a cosmopolitan ichneu- 
monid parasitoid of the Mediterranean flour moth 
(Ephestia kuehniella: Pyralidae), is attracted to oatmeal 
even if moth larvae are not present (Thorpe & Jones, 
1937). Diplazontine ichneumonids, which parasitize 
aphidophagous syrphid larvae, are strongly attracted 
by volatile substances originating from the honeydew 
produced by aphid colonies (Rotheray, 19815). 
Another ichneumonid, Campoletis sonorensis, is not 
strongly attracted by the host’s food-plant if the plant 
is in pristine condition, but is attracted if the plant is 
very slightly damaged by the feeding activities of non- 
host organisms such as thrips (Vinson & Williams, 
1991). Some parasitoids that attack drosophilid 
larvae, such as the eucoiline Leptopilina and various 
alysiine braconids, are extremely specific in their 
response to patch-specific odours, such as fruit in a 
particular stage of decay (Vet et al., 1984; Vet & 
Opzeeland, 1985; Vet, 1985). 

In some cases parasitoids are known to develop in a 
host species feeding on one plant, but not in the same 
host feeding on a different plant species. In Costa Rica, 
for example, the ichneumonid Cryptophion inaequalipes 


is a host specific parasitoid of Xylophanes turbata 
(Sphingidae), but it has only been reared from host 
caterpillars feeding on Hamelia patens (Rubiaceae), 
despite the fact that this caterpillar also commonly 
feeds sympatrically on another rubiaceous under- 
storey tree, Psycotria microdon (Janzen, 1984; Gauld & 
Janzen, in press). 

At the finest level, patch location often involves the 
use of a combination of cues, Campoletis sonorensis, for 
example, uses both odour and vision in locating the 
host’s food-plant, as significantly more females flew to 
plants that were visible than plants which were 
obscured from view (McAuslane et al., 1991). 
Sometimes the detection of one cue, such as odour, 
‘turns on’ another, specific perceptual ability, such as 
vision. For example, Diaeretiella rapae (Braconidae: 
Aphidiinae), a parasitoid of the cabbage aphid, is 
attracted initially by the odour of brassicas (Read et 
al., 1970). If the female then encounters a leaf conta- 
minated with honeydew she flies upward to an 
inflorescence; if the inflorescence contains no aphids 
she walks down a stem and up another until honey- 
dew is again encountered (Ayal, 1987). 

Some parasitoids, especially synovigenic species, 
seem to have a pre-ovipositional period when they are 
either not receptive to volatile substances from the 
host’s food-plant (Nishida, 1956), or when they are 
actually repelled by such chemicals (Thorpe & Caudle, 
1938). Their response changes several days or even 
weeks after emergence when they are ready to com- 
mence oviposition. Many parasitoids are able to 
change their behavioural responses to odours by asso- 
ciative learning. For example, the eucoiline parasitoid, 
Leptopilina heterotoma, is attracted by odours emanat- 
ing from different substrates in which their drosophilid 
hosts feed. After encountering and ovipositing into 
hosts in one particular substrate, odour from this sub- 
strate is preferred over that from other substrates in 
choice experiments, and these behavioural changes 
may last for several days (Vet, 1988; Vet & 
Schoonman, 1988; Papaj & Vet, 1990; Vet et al., 
1990). Similar findings have been reported for other 
parasitoid species (e.g. Dmoch «et al., 1985; Lewis € 
Tumlinson, 1988; Kaas. et al, 1990; Vinson .& 
Williams, 1991), and the general subject of learning 
in insects has recently been treated at length (Papaj & 
Lewis, 1992). 

In some species there is evidence for pre-imaginal 
conditioning in parasitoids, whereby an individual par- 


asitoid responds more readily to the odours of the plant 
species on which it developed (Vet & Groenewold, 
1990). For example, the aphid parasitoid Diaeretiella 
rapae showed a greater positive response to the odour 
of potato when it had been reared from aphids feeding 
upon this host plant (Sheehan & Shelton, 1989). 
Microplitis demolitor (Braconidae) reared from 
Helicoverpa zea larvae on cowpea plants responded 
strongly to the odour of cowpeas, whereas females 
reared from hosts fed on an artificial diet did not 
(Hérard et al., 1988). An interesting recent discovery is 
that certain species of parasitoids seem to be able to 
ascertain, from a distance, that another parasitoid 
species is searching a particular type of microhabitat, 
and they then avoid searching this microhabitat 
(Janssen et al., 1992). Little is yet known of the source 
of the substance that the parasitoid is responding to, 
but it seems to be something produced by the host- 
searching parasitoid already in the microhabitat. 


Host location. After a female parasitoid has found 
a suitable microhabitat she must locate a potentially 
acceptable host, and marked changes in behaviour 
sometimes take place between these two stages in host 
finding. Many koinobiont ichneumonoid parasitoids of 
leaf-feeding larvae fly rapidly horizontally in a zigzag 
pattern until they locate a plant on which the host 
may occur; they then change to an up-and-down 
‘scanning’ flight as they begin searching for hosts 
(Vinson, 1975; Gauld, 1976b). Many idiobionts on the 
other hand cease flying and begin running over the 
substrate, sweeping with their antennae. Parasitoids 
in general often begin an even more intensive local 
search after perceiving cues associated with the host 
or after the first oviposition. 

Parasitoids may respond to a variety of stimuli in 
locating hosts within a patch (Schmidt, 1992; Vinson, 
1992). Physical stimuli, which in general are probably 
only detected at close range include: 


e visual stimuli, for example seeing the host or its 
immediate covering (e.g. Sugimoto et al., 1988a; 
Henriquez & Spence, 1993); 

e detecting the host’s movement through the sub- 

"^ strate on which it feeds (O.J. Smith, 1952; Askew, 
19616; Richerson & DeLoach, 1972; Sokolowski € 
Turlings, 1987); 

e the detection of sound or vibration from the host's 
feeding activities (Assem & Keunen, 1958; Ryan & 
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Rudinsky, 1962; Soper et al., 1976; Sugimoto 
et al., 1988b). 


Other possible physical methods of host location may 
include infra-red detection by a doryctine braconid 
parasitoid of bark-beetles (Richerson & Borden, 1972), 
and a form of acoustic probing (echo-location) by pim- 
pline ichneumonid parasitoids of cocooned pupae 
(Henaut & Guerdoux, 1982). This latter method, 
which involves the parasitoid generating sound that 
makes hosts resonate, is apparently used to inspect 
prospective hosts prior to probing with the ovipositor 
(Henaut,. 1990). 

Chemical stimuli, resulting from the presence of the 
host and detectable over long or short range, are 
probably the most important factors enabling para- 
sitoids to detect their hosts (Weseloh, 1981; Vinson & 
Williams, 1991; Vinson, 1992). The chemical may be 
the same as the plant volatile substances that attract 
parasitoids to the general habitat (Vinson & Williams, 
1991), or it may be a substance that is released by 
the plant only in response to particular types of 
damage. Such attractants, the so-called green leaf 
volatiles, are released from the food-plant by the 
feeding of particular herbivores. Corn seedlings, for 
example, release large amounts of terpenoid volatiles 
only after they have been fed upon by caterpillars, and 
not when they have been artificially damaged 
(Turlings et al., 1990). These volatiles, which attract 
the braconid Cotesia marginiventris, are also released 
by undamaged leaves on the same seedlings (Turlings 
& Tumlinson, 1992). Some parasitoids are capable of 
detecting extremely small quantities of green leaf 
volatiles (Whitman & Eller, 1992) and it has been 
suggested that these substances may have evolved to 
serve a tritrophic communicative function, i.e. plants 
release natural enemy attractants in direct response 
to herbivore attack (Whitman, 1988; Dicke et al., 
1990; Turlings et al., 1990). 

Frequently the chemical attractant may be a 
pheromone produced by the host (Noldus et al., 
1990), which acts as a KAIROMONE for the para- 
sitoid—i.e. a substance produced by one organism 
that evokes a response in another species that is adap- 
tively favourable to the receiver but not the transmit- 
ter. A variety of host pheromones are known to 
attract parasitoids: sex pheromones (Sternlicht, 1973; 
Noldus, 1989; Noldus et al., 1991a & b), marking 
pheromones deposited by the host during oviposition 


(Vinson, 1975; Prokopy & Webster, 1978; Roitberg & 
Lalonde, 1991) and aggregation pheromones (Rice, 
1969; Kennedy, 1979). Non-pheromonal secretions 
by the host can also serve as kairomones. Venturia 
canescens (Ichneumonidae), a common parasitoid in 
warehouses, uses a chemical substance present in 
mandibular gland secretions of the Mediterranean 


flour moth as a kairomone (Corbet, 1971). 
Aprostocetus hagenowi (Eulophidae), a common para- 
sitoid of cockroach eggs in houses, utilizes calcium 
oxalate (from the adult cockroach colleterial gland) 
and mucopolysaccharides (from the salivary gland) in 
host location (Vinson & Piper, 1986). In other cases 
the kairomone may be a chemical present in the cutic- 
ular wax of the host (Takabayashi & Takahashi, 
1986), a substance associated with the host’s silk 
(Weseloh, 1976), a chemical present in the frass of 
the host (e.g. Thibout et al., 1988; Auger et al., 1989; 
Fukushima et al., 1989; Lewis et al., 1991), or in the 
case of aphid parasitoids, in honeydew (Budenberg, 
1990). Vinson (1984b) gives a list of kairomones 
known to be used as attractants by parasitoids. 

As is the case in habitat location, parasitoids may 
learn to associate certain kairomones with a host and 
preferentially investigate such chemical stimuli 
(Turlings et al., 1990; Lewis et al., 1991), although 
learning may be less important in host location than 
in host habitat location (Lewis et al., 1990). 

After detecting cues associated with the presence of 
the host, the female parasitoid usually remains in the 
patch for a period of time. There are at least four ways 
of restricting the search to a profitable patch 
(Bell, 1991): 


e looping/spiralling or zigzag motor patterns, as in 
Trichogramma pretiosum (Beevers et al., 1981); 

e turning around at the edge of the patch, as in 
Venturia canescens (Waage, 1979) and Cardiochiles 
nigriceps (Stand & Vinson, 1982); 

e variable move lengths; 

e change in arrival-departure direction. 


Patches differ intrinsically in quality. Moreover, host 
availability within a patch declines as a result of para- 
sitoid foraging (oviposition or host-feeding). Various 
models have been proposed to explain how para- 
sitoids, using only innate responses, ‘decide’ to leave a 
patch when the profitability of remaining declines. In 
general, the time spent within a patch usually 


increases in response to contact chemical stimuli and 
in response to oviposition, but diminishes over time as 
the parasitoid becomes habituated to host-associated 
odours. Oviposition sometimes serves to ‘reset’ respon- 
siveness to odours (Waage, 1979). 


Host acceptance 


Once a female parasitoid has located a potential host 
the next step is for her to choose whether or not to 
oviposit. This ‘decision’ may be based on the potential 
host’s identity, size, developmental stage, period of 
time elapsed since its last moult, its defensive behav- 
iour, etc.—all of which can be considered as HOST 
IDENTIFICATION (Vinson, 1975). Also affecting the 
female’s decision is whether or not the host has 
already been parasitized. The ability to discern previ- 
ously parasitized hosts is known as HOST DISCRIM- 
INATION. It should be noted that host acceptance is 
occasionally affected by additional factors, such as 
how long it has been since the female parasitoid last 
oviposited, which may account for the occasional 
acceptance of ‘abnormal’ hosts. 


Host identification. When a female wasp encoun- 
ters a host or host construction she generally investi- 
gates it initially with her antennae. Important factors 
in eliciting an oviposition response include size (Duodu 
& Davis, 1974; Kouamé & Mackauer, 1992), shape 
(Wilson et al., 1974; Strand & Vinson, 1983) and 
surface texture (Weseloh, 1974; Vinson, 1976) of the 
prospective host and, in trichogrammatids, host 
density (Renzik & Umarova, 1991). Movement of a 
host can also be an important cue, either for eliciting 
oviposition by the parasitoid, or for preventing host 
acceptance (Arthur, 1981). For example, the ichneu- 
monid Diadegma does not attempt to insert its oviposi- 
tor into its lepidopterous host until the caterpillar 
moves (Lloyd, 1940), and the braconid Perilitus can 
be induced to oviposit on a movable model of its 
coccinellid host (Richerson & DeLoach, 1972). 
Endoparasitoids generally also probe the prospective 
host with their ovipositor before deciding whether or 
not to lay an egg, and in some cases an egg is only 
laid if sense organs on the ovipositor apex are stimu- 
lated by appropriate chemicals (Arthur et al., 1969; 
Rotheray, 1984). Substances have been identified in 
the haemolymph of the wax moth (Galleria mellonella) 
that elicit oviposition by its parasitoid, the ichneu- 
monid Itoplectis (Arthur et al., 1972; Hegdekar & 


Arthur, 1973). Similarly, substances from the 
haemolymph of Helicoverpa zea elicit oviposition by 
Microplitis croceipes (Tilden & Ferkovitch, 1988). 


Host discrimination. Many endoparasitoids are 
capable of discerning whether or not a prospective host 
has already been parasitized and they tend to avoid 
those that are (Wylie, 1965; Lenteren, 1981; Bai & 
Mackauer, 1990; Artigues et al., 1992), although 
under certain conditions superparasitism occurs (see 
above). Although host discrimination is widespread a 
few species seem to lack this ability (Gardner et al., 
1984). Repeated observations of other species have 
shown that females without experience of ovipositing 
in unparasitized hosts (i.e. inexperienced) will superpar- 
asitize more readily than females that have oviposited 
in unparasitized hosts (experienced) (Lenteren, 1976). 
This has been interpreted as evidence for a lack of 
innate discriminatory ability, and it has been suggested 
that such an ability has to be learned by a female 
encountering both parasitized and unparasitized hosts 
(Lenteren & Bakker, 1975). However, Alphen et al. 
(1987) have shown that certain of these parasitoids are 
able to discriminate, even when they have never 
oviposited in an unparasitized host. These authors pro- 
posed an explanation of why inexperienced females 
superparasitize more readily. They suggested that an 
experienced parasitoid may reject parasitized hosts and 
leave an exploited patch because her experience in a 
previous patch supplied her with the information that 
less exploited patches exist. Inexperienced females lack 
such information and thus stay and superparasitize 
(Visser et al., 1992). 

In the process of host discrimination female para- 
sitoids are known to respond to two types of stimuli 
(Lenteren, 1981; Hofsvang, 1990; Mackauer, 1990): 


e an external chemical marker on the host or its 
surroundings left by themselves or by another 
female, usually of the same species. These markers 
are apparently detected by antennal examination; 

e internal differences between parasitized and 
unparasitized hosts, detected by sense organs on 
the ovipositor. 


External host-marking usually involves the application 
of a pheromone by the attacking parasitoid to the 
outside of the host, either before or after the actual act 
of oviposition (Rabb & Bradley, 1970; Wylie, 1970, 


1971b; Eberhard, 1975; Völkl & Mackauer, 1990). 
Although little is known of the sources of these 
pheromones, they seem generally to be produced by 
glands or bodies associated with the female reproduc- 
tive tract, but in different taxa they apparently have 
different origins. Among the Scelionidae, the host- 
marking pheromone of a species of Telenomus is pro- 
duced in the female's accessory gland, and after 
ovipositing in a host egg it is applied by the scelionid 
wiping her extruded ovipositor across the surface of 
the host egg (Strand, 1986; Cave et al., 1987). Some 
braconids and ichneumonids are known to secrete a 
marking pheromone from the Dufour's gland (Guillot 
& Vinson, 1972; Vinson & Guillot, 1972; Harrison et 
al., 1985), while in the Ceraphronoidea a substance 
with a similar function seems to be produced by nurse 
cells in the oviducts (Hóller et al., 1993). Sometimes 
not only the host, but the surrounding substrate is 
also marked. For example, the braconid Opius pallipes, 
an endoparasitoid of an agromyzid leaf-miner, marks 
both the host and the leaf in which the host occurs. 
Other females of the same species devote less time 
investigating marked leaves than they spend examin- 
ing unmarked leaves (Lenteren, 1981), and similar 
results have been obtained with another braconid par- 
asitoid of leaf-miners (Sugimoto et al., 1986). 
Host-marking pheromones probably evolved to facil- 
itate an individual female's foraging efficiency, allow- 
ing her to quickly detect areas that she has already 
searched and rapidly discriminate hosts in which she 
has previously oviposited (Strand, 1986). Although 
many such pheromones are species-specific (e.g. 
Alphen & Visser, 1990), some may be individually 
recognizable (Harrison et al., 1985; Hubbard et al., 
1987; Volkl & Mackauer, 1990). A species of 
Dendrocerus (Megaspilidae) uses a two-component 
external marking pheromone to discriminate between 
hosts parasitized by themselves and hosts parasitized 
by conspecifics (Hóller et al., 1991). In a few cases 
marking pheromones are recognized by other sym- 
patric species of parasitoids (e.g. Pijls et al., 1992). 
External markers are active immediately following 
deposition, and last from 12 hours to three days 
(Bosque €: Rabinovich, 1979; Klomp et al., 1980). 
Host discrimination that occurs after the external 
marker has faded results from detection of internal 
changes in a parasitized host, which are not species 
specific (Fisher & Ganesalingam, 1970; Takasu & 
Hirose, 1988), such as necrosis in the case of many 


egg parasitoids (Strand, 1986). A species of mymarid 
that attacks water beetle eggs under water depends 
entirely on internal stimuli for host discrimination, 
although the source of these stimuli is uncertain 
(D.J. Jackson, 1969). 

Host discrimination usually relies on the detection 
of chemical stimuli, whether internal or external, but 
it is possible that non-chemical cues are used in a few 
cases. For example the protruding egg stalk of some 
encyrtids apparently functions as a marker that deters 
oviposition by other experienced conspecific females 
(Takasu & Hirose, 1988). 


Host exploitation 


After having accepted a host for oviposition the female 
parasitoid must ‘decide’ how best to exploit it—how 
many eggs to lay per host (clutch size) and what sex 
ratio to produce. Parasitoid species vary in the ways 
in which they optimize clutch size (progeny allocation) 
and sex ratio (sex allocation) (Waage, 1986). 


Clutch size. For any given host there is an 
optimum number of individuals of a particular para- 
sitoid that can develop on it. In many cases a para- 
sitoid requires the entire host to successfully complete 
its development and superparasitism results in mortal 
combat between larvae (e.g. Escalante & Rabinovich, 
1979). In gregarious endoparasitoids fitness, mea- 
sured as probability of survival, rises with increasing 
clutch size to an optimum (see gregarious parasitism 
above). Beyond this optimum the fitness of each indi- 
vidual declines as clutch size increases (Skinner, 
1985; Waage, 1986). Increasing clutch size generally 
results in smaller sized offspring, which have reduced 
fecundity, longevity and searching rates, as shown in 
studies of Trichogramma species (Pak & Oatman, 1982; 
Waage & Ng, 1984). 

Optimization of clutch size by parasitoids assumes 
they are capable of perceiving the ‘carrying capacity’ 
of a particular host, and of responding to differences in 
host density. For idiobionts, one indication. of the 
host’s carrying capacity is its physical size, and 
numerous studies (see Schmidt, 1992) have demon- 
strated parasitoids’ abilities to assess this and adjust 
the number of eggs laid accordingly. For example, in 
Trichogramma the number of eggs laid by the wasp in 
a host egg varies with the host egg’s volume. The 
wasp determines this volume by the duration of its 


initial transit across the egg surface during host exam- 
ination (Schmidt & Smith, 1987). In koinobionts there 
is some evidence that host instar, and not host size, is 
the stimulus for changing clutch size (Sato & Tanaka, 
1984). Some gregarious endoparasitoids may be 
capable of assessing how many eggs have previously 
been laid in a host and adjusting their clutch size (and 
sex ratio) accordingly (Holmes, 1972; Werren, 1980; 
Dijken & Waage, 1987). Information on host abun- 
dance, at least in Trichogramma, may be provided by 
measurements of time between ovipositions (Waage & 
Ng, 1984; Waage & Godfray, 1985), or by host distri- 
bution; hosts packed in groups have less exposed 
surface and hence are allocated fewer eggs (Schmidt & 
Smith, 1985a & b). 


Sex ratio. In diploid organisms sex is usually deter- 
mined by Mendelian assortment of sex chromosomes, 
which may restrict the potential for sex ratios to 
evolve away from 50 percent females and 50 percent 
males. In Hymenoptera however, which are hap- 
lodiploid (see Chapter 2.2), there may be more vari- 
ation in sex ratio since, in principle, selection may act 
on the control that females have over insemination— 
that is, regulating the release of sperm from the 
spermatheca (Flanders, 1956). 

In solitary parasitoids, especially but not exclusively 
in idiobiotic species, the adult female tends to lay 
female eggs on large hosts and male eggs on smaller 
hosts (Arthur € Wylie, 1959; Kishi, 1970; Tillman & 
Cate, 1993), thus the female progeny are significantly 
larger than the male progeny (Sandlan, 1979; Gauld 
& Fitton, 1987; Cloutier et al., 1991; see Gauld, 1991 
for Costa Rican examples). Since egg synthesis gener- 
ally requires more nourishment than that of sperm, 
females gain relatively more from larger hosts than do 
males, thus explaining the observed patterns of sex 
allocation (Charnov, 1982). Large females produce 
more mature eggs and often live longer than small 
females (Wylie, 1966; Pitcairn € Gutierrez, 1992; 
Tillman & Cate, 1993). However, if males compete 
with each other for females there could be a selective 
advantage for producing larger males. 

During oviposition the female parasitoid probably 
assesses relative rather than absolute host size and 
adjusts the sex ratio of her progeny on the basis of 
both short- and long-term experience (Jones, 1982; 
Assem et al., 1984; Avilla & Albajes, 1984; Luck € 
Podoler, 1985). Some parasitoids allocate male eggs 


preferentially to hosts at a less suitable stage for devel- 
opment (Alphen & Thunnissen, 1983). 

If a patch of hosts is discovered by just one female 
parasitoid, she should produce only as many sons as 
necessary to mate all her daughters, at least in cases 
where offspring mate immediately upon emergence. 
This is the LOCAL MATE COMPETITION theory 
(Hamilton, 1967, 1979). In many gregarious para- 
sitoids males emerge from the host first and mate with 
females as they emerge. As predicted by the theory, 
such species tend to have female-biased sex ratios. In 
polyembryonic encyrtids mixed broods (containing 
both sexes) are laid in the first host encountered; all 
female broods are produced if the host encounter rate 
is high (Hardy et al., 1993). Exceptions to a female 
bias occur in those gregarious species where females 
disperse before mating (Tagawa & Kitano, 1981) or 
among species where females prefer to mate with non- 
sibling males (Grant et al., 1980). Local mate competi- 
tion theory also predicts that relatively more males 
should be produced if the female detects that other 
females have visited the patch, and this prediction has 
been supported by both controlled and natural experi- 
ments (Wylie, 1966, 1979; Shiga & Nakanishi, 1968; 
Werren, 1983; Waage & Lane, 1984; Herre, 1987). 
The theory thus helps explain why crowded labora- 
tory cultures of parasitoids often yield mostly males. 

There are various proximate mechanisms of sex 
allocation. The simplest is for the female to release a 
fixed rate of sperm from her spermatheca resulting in 
random fertilization (Owen, 1983). If the rate of 
oviposition is very high relatively more unfertilized 
(male) eggs may be laid than at a lower rate of ovipo- 
sition (Kainoh, 1988). This is particularly the case in 
groups such as chalcidoids and braconids where many 
species have small spermathecal glands, which secrete 
substances that activate sperm (Flanders, 1956). 

The above discussion has assumed nuclear genetic 
control over sex ratio. Autosomal nuclear genes are 
transmitted via both sexes and therefore selection 
favours a 1:1 sex ratio, except where populations are 
not panmictic (e.g. local mate competition). 
Cytoplasmic genes on the other hand are usually 
transmitted by just one sex, which creates strong selec- 
tive pressure for cytoplasmic genes that distort the sex 
ratio toward production of the sex that transmits the 
gene (Bull, 1983). Nasonia vitripennis (Pteromalidae) is 
known to have three such extrachromosomal sex ratio 
distorters (Werren et al., 1980; Huger et al., 1985; 
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Skinner 1985; Werren & Assem, 1986): a maternal 
sex ratio distorter (maternally transmitted, produces 
about 95 percent female sex ratio), a ‘son killer’ (a 
maternally transmitted bacterium that causes death of 
50 to 80 percent of the males), and a paternal sex 
ratio distorter (paternally transmitted to all fertilized 
eggs, which remain haploid). The causative agent of 
the son-killer trait has recently been described as 
Arsenophonus nasoniae, and appears to belong to the 
Enterobacteriaceae (Gherna et al., 1991). Since N. vit- 
ripennis is one of the few parasitoids that has been 
extensively studied it is probable that extrachromosal 
sex ratio distorters will eventually be found in other 
hymenopteran parasitoids. 


THE SUITABILITY OF THE HOST FOR PARASITOID 
DEVELOPMENT 


After the female parasitoid has accepted a host and 
oviposited, the immature stages must be able to 
survive and develop on or within the host. Different 
host species that are equally acceptable to the female 
are not necessarily equally suitable for her larvae 
(Mueller, 1983). HOST SUITABILITY can be measured 
by survival of larvae to adulthood and the size or 
fecundity of the emerging adults. Factors affecting 
host suitability (Vinson and Iwantsch, 1980a) include: 


e nutrition; 

e environmental factors; 

e other organisms (competitors, hyperparasitoids 
and predators); 

e in the case of endoparasitoids, the immunological 
defences of the host. 


In many endoparasitic koinobionts host suitability can 
presumably be enhanced via HOST REGULATION, 
that is, the ability of the parasitoid larva or its female 
parent to alter the host’s development, physiology or 
behaviour for its own ends (Vinson and Iwantsch, 
1980b). Host regulation often involves alterations in 
the host’s hormonal balance (Beckage, 1985; 
Lawrence, 1986a, 1990). This is induced by venom 
or virus particles injected by the female (Stoltz & 
Vinson, 1979; Krell, 1991; Tanaka & Vinson, 1991; 
Fleming, 1992), by the teratocytes liberated at the 
hatching of the parasitoid’s egg (Pennacchio et al., 
1992), or by the parasitoid larva itself (Beckage & 
Riddiford, 1982). 


Nutrition 


Most parasitoid larvae feed by oral ingestion. 
Ectoparasitoids pierce the host’s cuticle with their 
mandibles before feeding, whereas many endoparasitic 
larvae ingest host haemolymph directly. Some 
endoparasitoid larvae are reported to absorb nutrients 
directly through the cuticle (Doutt, 1952; Fisher, 
1971), and in those that have an anal vesicle (see 
Chapter 4.4) membranal absorption may be localized 
in this organ (Edson & Vinson, 1977). In some 
endoparasitic koinobionts nutrient absorption may 
begin in the egg stage via a specialized egg membrane, 
the trophamnion. Upon eclosion of the egg this 
trophamnion may fragment into teratocytes (see 
Chapter 2.4). These often absorb nutrients from the 
host, and in some cases the parasitoid larva appears to 
feed on the teratocytes, thus avoiding damaging the 
host’s organs early on in its development (Polaszek, 
1986; Tawfik, 1991). Feeding on teratocytes could 
conceivably also be a way for a parasitoid to avoid 
toxins sequestered or manufactured by the host, and 
present in its haemolymph or fatty tissue. 

The basic qualitative nutritional requirements of 
parasitoid larvae are quite similar to those of nonpara- 
sitic insects, although the form and balance in which 
nutrients need to be supplied may differ (Thompson, 
1986). Endoparasitoid larvae exhibit high assimilation 
efficiencies, presumably because of the high nutri- 
tional quality of their food (haemolymph) and possibly 
because of selection for efficient utilization of a limited 
food supply (Slansky & Scriber, 1985). However, net 
growth efficiencies (i.e. the conversion of assimilated 
food into parasitoid biomass) are mostly moderate, 
possibly because of selection for rapid rather than 
efficient growth (Slansky, 1986). 

Host suitability is affected by the nutritional status 
of the host, the types and quantities of toxins present 
(e.g. secondary plant compounds sequestered by the 
host; see Gauld & Gaston, 1993 for summary), and 
the complex ways in which nutrients and toxins inter- 
act (Duffey et al., 1986). Not surprisingly, a given 
phytophagous host may differ in its suitability, 
depending upon the plant on which it is feeding. For 
example, California red scale (Diaspididae) reared on 
different cultivars of citrus differ in their suitability for 
the aphelinid ectoparasitoid, Aphytis melinus (Hare & 
Luck, 1991). Survivorship of Microplitis croceipes 
(Braconidae), an endoparasitoid of Heliothis spp. 


(Noctuidae), is higher in host larvae reared on cotton 
than in hosts reared on bean or tomato (Mueller, 
1983). In both examples the plant that was most suit- 
able for growth of the host was also the most suitable 
for the parasitoid. For egg parasitoids the nutritional 
suitability of the host egg can vary with the diet upon 
which the previous generation of the host was fed 
(Magrini & Botelho, 1991). 

Many endoparasitic koinobionts appear to enhance 
the suitability of their host by altering the host’s normal 
feeding behaviour. Hosts attacked by gregarious koino- 
bionts frequently increase feeding (Hunter & Stoner, 
1975; Führer € Keja, 1976; Beckage € Riddiford, 
1983; Sato et al., 1986), whereas those attacked by 
solitary parasitoids may show reduced feeding and 
growth (Vinson & Barras, 1970; Ashley, 1983; Slansky, 
1986; Kumar & Ballal, 1992). Endoparasitic koino- 
bionts also alter the nutrient composition of the host’s 
haemolymph and fat body and the metabolic rate of the 
host (Vinson & Iwantsch, 1980b; Thompson, 1983). In 
most cases it is unclear which of these alterations are 
indirect effects of stress and which represent host regu- 
lation for the benefit of the parasitoid. 


Environmental factors 


Environmental factors such as temperature and 
humidity can affect the parasitoid directly, or indi- 
rectly via effects on host suitability. Suitability of lepi- 
dopteran eggs for Trichogramma can vary between 
species of Lepidoptera due to differences in host egg 
chorion, which in turn affect vulnerability to desicca- 
tion (Pak et al., 1990). Presumably koinobionts are 
more susceptible to the indirect effects of environmen- 
tal factors on host suitability than are idiobionts. 
Environmental factors also affect the synchronization 
of the parasitoid's development with that of its host. 
Where there is pronounced seasonality in the climate, 
as in the seasonally dry forests of northwestern Costa 
Rica, the life cycles of many parasitoids are seasonally 
synchronized with those of their hosts, as is the case 
of Enicospilus lebophagus with its saturniid host, 
Rothschildia lebeau (Gauld, 1988b). In the case of some 
idiobionts synchronization may be achieved by pro- 
longed life spans of adult females and relative inactiv- 
ity during periods when hosts are scarce (possibly 
many scelionids). In other cases synchronization is 
achieved by diapause in an immature stage, and this 
diapause seems to be regulated by one of two means, 
or by a combination of both (Tauber et al., 1986): 


e External factors that also affect the host. These 
may be abiotic factors, such as temperature, or 
possibly humidity, or external biotic factors such as 
food availability or parasitoid density (Eskafi & 
Legner, 1974b; Wylie, 1980; Freeman & Ittyeipe, 
1982). In temperate regions photoperiod is the 
most common abiotic stimulus known to affect dia- 
pause (e.g. Fabres & Reymonet, 1991), but this is 
probably less important in the tropics where varia- 
tion in daylength is very slight (Denlinger, 1986). 

e The host's physiological status. Endoparasitic koino- 
bionts commonly have a very protracted first larval 
instar and delay their development until the host 
reaches a specific stage in its metamorphosis (Doutt 
et al., 1976). The duration of development of a par- 
asitoid species may vary depending upon the 
growth rate of the particular species of host para- 
sitized (Broodryk, 1969). Some endoparasitic koino- 
bionts are known to use host hormones as cues for 
their own development. Thus, reduced levels of 
ecdysone may play a role in diapause regulation in 
some endoparasitoids (Claret et al., 1978), and the 
larva of an opiine braconid apparently needs expo- 
sure to 20-hydroxyecdysone from its host in order 
to moult (Lawrence, 1986b). A polyembryonic 
encyrtid begins morphogenesis after a large drop in 
the host juvenile hormone titre in the penultimate 
host larval stadium (Strand et al., 1991). In other 
cases the parasitoid may manipulate the hormonal 
balance of the host (see review by Beckage, 1985). 


Competitors, hyperparasitoids and preda- 
tors 


The larva of a solitary parasitoid usually requires the 
entire host for its development. If it is to survive to 
maturity, or at least achieve an optimum adult size, it 
must have the capability of eliminating competing 
parasitoids. Usually it is the larval stage that must 
contend with competitors but in a few cases the adult 
female injects a substance that kills parasitoid eggs 
present in the host (Hagvar, 1988; Mackauer, 1990). 
A rather unusual means of avoiding competitors has 
been reported in an aphidiine braconid. Aphids sub- 
jected to a stabbing attack by the female wasp are 
stimulated to adopt a 'bucking' defensive behaviour 
when subjected to further attacks and such behaviour 
appears to reduce the likelihood of superparasitism 
(Gardner et al., 1984). 


The first instar larvae of parasitoids from a wide 
range of families are equipped with large curved 
mandibles (see Chapter 4.3) that are used in physical 
combat to destroy competitors (Salt, 1961; Eijsackers 
& Bakker, 1971; Fisher, 1971; Flanders, 1971; Wylie, 
1971a). An aphidiine braconid has been observed 
using its bifurcate caudal appendage as a grappling 
hook during combat (Chow & Mackauer, 1986). Some 
first instar parasitoid larvae have small, more or less 
non-functional mandibles that appear quite unsuitable 
for fighting (Gauld, 19764) and in some cases these 
species appear to eliminate competitors by physiologi- 
cal means. Young aphidiine braconid larvae, for 
example, possibly secrete a cytolytic enzyme that sup- 
presses the development of embryos of competitors 
(Johnson, 1959). In most parasitoids later instar 
larvae lack the physical weaponry to eliminate com- 
petitors and instead they probably rely exclusively on 
physiological suppression (e.g. Vinson & Ables, 1980; 
Artigues et al, 1992; Tillman & Powell, 1992). 
Reducing the oxygen content of the host's 
haemolymph offers a means for older parasitoid larvae 
to eliminate younger competitors, as there is evidence 
that a low oxygen content is more debilitating to eggs 
and young parasitoid larvae than it is to older larvae 
(Fisher, 1963). Suppression of younger larvae by older 
larvae may also occur via nutrient depletion 
(Tremblay, 1966). 

The outcome of competition between two larvae of 
the same species often depends upon the relative age 
of the two competitors (Wylie, 1972; Mackauer, 
1990). If both larvae are in the first instar the oldest 
larva often wins. On the other hand, if a second instar 
larva has not succeeded in physiologically suppressing 
a competing first instar it may be killed by the latter, 
which still has its large mandibles. A well-studied case 
is that of the solitary egg parasitoid, Telenomus helioth- 
idis (Scelionidae) (Strand, 1986). If ovipositions occur 
within two hours of one another both eggs hatch and 
one of the larvae is eliminated by physical attack. If 
the interval between ovipositions is more than two 
hours, the second female’s egg develops normally until 
the first female’s egg hatches, whereupon the latter's 
teratocytes secrete a substance that causes necrosis in 
both the host and any unhatched eggs. 

Since interspecific host discrimination by oviposit- 
ing females is less common than intraspecific discrim- 
ination, interspecific competition (multiparasitism) 
may be more important than intraspecific competition 


(Force, 1975). Because of their paralyzing venoms 
idiobionts probably have an intrinsic superiority over 
koinobionts (Flanders, 1971), although there are 
exceptions (Sullivan, 1972). In competitive interac- 
tions between two idiobiont species the second attack- 
ing species sometimes facultatively hyperparasitizes 
the first (Haviland, 1920). The winner of competition 
between Telenomus heliothidis and Trichogramma pretio- 
sum is usually the species whose egg hatches first 
(Strand, 1986), although when Telenomus reaches the 
third instar it is vulnerable to hyperparasitism by 
Trichogramma (Strand & Vinson, 1984). The outcome 
of competitive interactions between two species of 
koinobionts may also depend on the timing of the two 
attacks (e.g. Tillman & Powell, 1992), or one species 
may be intrinsically superior to the other. For 
example, the diplazontine ichneumonid Syrphophilus 
tricinctorius is competitively superior to Diplazon pec- 
toratorius in a syrphid host (Rotheray, 1984), the 
aphidiine braconid Aphidius ervi generally wins in 
competition with Aphelinus asychis (Aphelinidae) in 
aphid hosts (Bai & Mackauer, 1991), and the encyrtid 
Epidinocarsis lopezi outcompetes its congener E. diversi- 
cornis in multiparasitized hosts (Pijls et al., 1992). On 
the other hand, equal numbers of aphidiine braconids 
Aphidius colemani and Lysiphlebus testaceipes emerge 
from multiply parasitized hosts regardless of the attack 
sequence (Vólkl & Stadler, 1991). 

Besides other parasitoids, competitors also include 
microbes. Koinobionts sometimes have to compete 
with pathogenic infections of the host. In general 
female parasitoids appear to avoid ovipositing in hosts 
showing advanced stages of microbial infection but 
often they cannot apparently detect recently infected 
hosts. Oviposition into hosts recently infected with 
Bacillus thuringiensis often results in death of the para- 
sitoid, although sublethal infections sometimes favour 
the parasitoid (Weseloh & Andreadis, 1982). The 
outcome of competition between parasitoid and 
microbe sometimes depends upon the timing of attack. 
For example, the braconid Microplitis croceipes is 
adversely affected by nuclear polyhedrosis virus in its 
noctuid host if the time between oviposition and 
ingestion of the virus is less than three days (Brown & 
Phillips, 1991). In koinobionts, defence against micro- 
bial competitors probably consists mostly in maintain- 
ing the host’s immunological defences intact, 
although the teratocytes of one microgastrine bra- 
conid are known to secrete a fungistatic metabolite 
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(Fúhrer € Elsufty, 1979). In contrast to koinobionts, 
idiobionts principally have to compete with decom- 
posers for the host food resource. Many inject a 
venom that not only paralyses the host, but also pre- 
serves it from decomposing (Askew, 1971) and, in 
most cases, the host is consumed very rapidly. In 
some endoparasitic idiobionts the larva itself secretes 
antimicrobial compounds (Führer € Willers, 1986). 

To avoid hyperparasitoids the primary parasitoid 
larva may induce an alteration in host behaviour. For 
example, larvae of the butterfly Euphydryas parasitized 
by a species of microgastrine braconid crawl up out of 
dense vegetation to feed in more exposed places (Stamp, 
1981). Similarly the aphid Macrosiphum euphorbiae, 
when parasitized by a species of Aphidius, migrates to 
the upper surface of the leaf where it appears to escape 
detection by hyperparasitoids (Brodeur & McNeil, 
1992), and parasitized mealybugs often leave the 
foliage to hide in the bark (Bartlett, 1978). After suc- 
cessful parasitization by microgastrine braconids, the 
still living larva of Pieris brassicae (Lepidoptera: Pieridae) 
spins a web over its parasitoid's cocoons, and remains 
with them, apparently aggressively defending them 
from possible enemies (Brodeur, 1992). 


The host's immunological defences 


The most important defence against endoparasitoids 
by many hosts is the ENCAPSULATION of the para- 
sitoid's eggs or larvae, a process that is mediated by 
haemocytes (see below). Endoparasitoids have evolved 
various methods of circumventing this defence (Salt, 
1968; Vinson, 1990a). In his excellent review of this 
subject Vinson (1990a) enumerated five ways in 
which parasitoids may deal with the host's immune 
system: a) avoidance; b) evasion; c) destruction; 
d) suppression; and e) subversion. 


Avoidance. Endoparasitoids may avoid encapsula- 
tion by depositing their eggs in sites within the host 
away from the host's haemocytes, such as within the 
salivary glands or nerve ganglia (Silvestri, 1921; 
Veen, 1981). A rather unusual method of avoidance 
is shown by a species of Eretmocerus (Aphelinidae) 
that attacks whiteflies. The female aphelinid oviposits 
externally, laying an egg underneath a whitefly 
nymph. The first instar larva commences feeding as 
an ectoparasitoid, but secretions it produces (possibly 
from enlarged salivary glands) cause proliferation of 
the host's epidermal cells which grow to form a dome- 
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shaped structure within which the parasitoid larva 
continues to develop (Gerling et al., 1991). 

Another method of avoiding encapsulation seems to 
be ovipositing into eggs or very young hosts, in which 
the immune system is not fully developed. For example, 
a braconid parasitoid of a mirid preferentially accepts 
mostly young nymphs as hosts, since these have a 
lower rate of encapsulating its progeny (Debolt, 1991). 
Similarly the encapsulation of an encyrtid by a scale 
insect has been observed to be age-related, with 
significantly more parasitoids succumbing to encapsula- 
tion in old hosts than young ones (Blumberg, 1988). 
Similar observations have been made for campoplegine 
ichneumonids where progeny develop successfully from 
eggs deposited in young larvae, but are encapsulated if 
eggs are deposited in more mature hosts (Puttler, 1961; 
Bosch, 1984; Beckage & Templeton, 1985). 


Evasion. The surface of the egg of some parasitoids 
is coated with a fine fibrous coat, which prevents it 
from being encapsulated (Davies & Vinson, 1986); if 
the fibrous coating is removed the egg is attacked by 
the host's haemocytes. In the ichneumonid Venturia 
canescens, virus-like particles produced in cell nuclei of 
the ovarian calyx share antigenic determinants with 
one or more host proteins. Thus the parasitoid egg, 
which is coated with these particles, is not recognized 
as foreign, thereby evading detection by the host 
immune system (Rotheram, 1967, 1973; Salt, 1968, 
1970; Feddersen et al., 1986; Schmidt & Schuchmann- 
Feddersen, 1989), However, the exact mechanism is 
not fully understood, and it is possible that the protein 
suppresses the haemocytic defence (Schmidt et al., 
1990). A second method of evading encapsulation is 
simply to grow very rapidly, like, for example, the ich- 
neumonine Phaeogenes nigridens, which may complete 
three larval instars in 24 hours (Smith, 1932). 


Destruction. Complete destruction of the host’s 
immune system could have serious consequences for a 
koinobiont endoparasitoid, which depends upon the 
host's health for its own survival. However, idiobiont 
endoparasitoids, which do not need to keep the host 
alive, could conceivably destroy their host’s immune 
system and yet protect their food supply by secreting 
antimicrobial agents (Vinson, 19904). 


Suppression. Koinobiont endoparasitoids tend to 
suppress their host's immune system in specific ways 


rather than destroy it generally. This is evidenced by 
the fact that, in cases of superparasitism where larvae 
engage in combat, vanquished ‘losers’ are often encap- 
sulated (Vinson & Sroka, 1978; Vinson & Stoltz, 1986; 
Meloche & Guppy, 1990). During oviposition certain 
ichneumonids (primarily Campopleginae, but also 
Banchinae) and braconids (Microgastrinae, Cheloninae 
and Cardiochilinae) inject a unique type of virus, polyd- 
navirus, into their host (Krell, 1991; Fleming, 1992; 
Stoltz & Whitfield, 1992). The polydnaviruses found in 
ichneumonids (ichnoviruses) differ from those present 
in braconids (bracoviruses), and each parasitoid species 
carries a different virus. Within parasitoid populations 
these viruses are transmitted chromosomally in the 
form of a ‘provirus (Stoltz, 1990), but replicate only in 
the ovarian calyx (region between the ovaries and 
oviduct). The virus appears to be ‘designed’ for export 
into the host, where they are immunosuppressive but 
do not replicate. Immunosuppression apparently 
results, at least in part, from changes in haemocyte 
number, behaviour, and/or viability, thus protecting 
the egg or young larva from encapsulation (Edson et 
al., 1981; Stoltz & Guzo, 1986; Davies et al., 1987; 
Guzo & Stoltz, 1987; Wago & Tanaka, 1989; Prévost et 
al., 1990). Melanization, which follows encapsulation 
as part of the immunodefensive reaction, is also sup- 
pressed by the polydnavirus in a species of Cotesia 
(Beckage et al., 1990), by the inhibition of monophe- 
noloxidase activity. 

Other types of viruses or virus-like particles have been 
reported from various ichneumonids (Campopleginae 
and Mesoleius) and  braconids (Microgastrinae, 
Diachasmimorpha, Meteorus) (Stoltz & Whitfield, 1992). 
However, in many of these species it is not known 
whether the viruses play a role in successful parasitiza- 
tion. Outside the Braconidae and Ichneumonidae, the 
only known example of viruses or virus-like particles 
playing a role in suppressing the host's immune system 
is in Leptopilina heterotoma (Cynipoidea: Eucoilini), where 
virus-like particles in the venom cause the lamellocytes 
(a type of blood cell) of its drosophilid host to lose their 
adhesiveness (Rizki & Rizki, 1984, 1990). 

In parasitoids lacking viruses or virus-like particles, 
other factors must be responsible for preventing encap- 
sulation. Thus, the venom of a pimpline ichneumonid 
is known to reduce the ability of haemocytes to form 
pseudopodia (Osman & Führer, 1979). Substances 
secreted by teratocytes may also be important in sup- 
pressing the host's immune system (Kitano et al., 


1990; Tanaka & Wago, 1990). Even in braconids that 
carry polydnaviruses, it is probable that a combination 
of venoms, teratocyte secretions and polydnaviruses 
are necessary for successful parasitism (Kitano, 1986; 
Tanaka, 1986, 1987a; Vinson, 19904). 


Subversion. Certain dipterous parasitoids subvert 
the immune system of the host by allowing the host 
haemocytes to form a sheath around them. They 
avoid asphyxiation by maintaining contact with the 
atmosphere through a respiratory funnel. Some encyr- 
tids may similarly subvert the host immune system by 
maintaining contact with the exterior via the protrud- 
ing eggshell (Askew, 1971), or by developing in a 
sheath that has anastomozed with the tracheal system 
of the host (Alam, 1957, 1959). The larvae of many 
aphelopine dryinids are also more or less ensheathed 
in a layer of tissue produced by the host, which may 
serve a similar function (see Chapter 13.3). The aphe- 
linid, Eretmocerus, passes its first two larval instars 
within a capsule formed from the host's epidermal 
cells (Gerling et al., 1990, 1991). 


THE DEFENCES OF THE HOST 


Insect parasitoids are capable of inflicting severe mor- 
tality on populations of their hosts; thus features that 
reduce the chance of an individual being successfully 
parasitized are likely to be selectively favoured. A wide 
variety of such mechanisms have evolved and these 
have been grouped (Gross, 1993) into three functional 
classes: 


1. Characteristics reducing the probability of a 
prospective host being discovered or encountered 
by a parasitoid—here called environmental factors; 

2. Morphological or behavioural features of a 
prospective host that reduce the probability of it 
being oviposited upon after it has been located by 
a parasitoid—here called proximate factors; 

3. Physiological mechanisms that operate after 
oviposition, but prevent successful- parasitoid 
development. 


These are discussed separately below. 


Environmental factors 


Not all stages of all insects are equally attacked by 
hymenopterous parasitoids (see Table 2.2). Certain 
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groups seem largely to escape attack, possibly because 
either they are highly mobile, or they live in aquatic or 
semiaquatic habitats that render them particularly 
difficult to locate. The former category, highly mobile 
insects, includes the adults of most insect orders, 
the nymphs of some: exopterygotes (such as 
the orthopteroid orders, Hemiptera, Homoptera Auchen- 
orrhyncha) and mobile, active larvae of adephagan 
beetles. Some of these are exploited by various aculeate 
idiobionts (such as sphecids and vespids) which are 
highly specialized for attacking very active insects, but 
they largely escape attack by koinobionts and the tradi- 
tional ‘Parasitica’. Perhaps the most striking exception 
to this generalization occurs in the Auchenorrhyncha 
which are exploited as hosts by the diverse family 
Dryinidae (see Chapter 13.6). Other exceptions are the 
few orthopterans attacked by rhopalosomatids (Chapter 
14.6), a very few adult insects parasitized by the 
eulophid genus Phymastichus (Feldhege, 1992) and 
members of the braconid subfamily Euphorinae (S.R. 
Shaw, 1988a), and some adephagan beetle larvae 
attacked by proctotrupids (see Chapter 9.4). However, it 
is generally only the eggs of these groups that are exten- 
sively exploited by parasitoid Hymenoptera. 

The second category of potential hosts largely 
escaping parasitoids includes mud-inhabiting larvae 
and most aquatic insects. Syrphids dwelling in 
semifluid substrates, for example, almost entirely 
escape the attentions of parasitoids, but their preda- 
ceous relatives living in association with easily- 
discoverable homopteran colonies are attacked by a 
wide range of different parasitoid species (Shaw & 
Askew, 1979). Except for their eggs, which are 
attacked by a few trichogrammatids, scelionids and 
mymarids, aquatic insects in general are also largely 
free of parasitoids. The larvae of rice water weevils 
(Lissorhoptrus spp.), for example, which feed on the 
submerged roots of aquatic grasses, appear to totally 
escape parasitoids (P. Hanson, unpubl. obs.). 

It is insect eggs, the relatively immobile sap-sucking 
homopterans, and the larval and pupal stages of 
holometabolous insects associated with plants or 
living in discrete, and probably semiochemical-rich 
habitats, such as dung, rotting fruit or corpses, that 
are the principal hosts of hymenopteran parasitoids. 
At the population level, such insects may evolve ways 
of escaping, in space or time, high levels of parasitism. 
At the individual level a potential host may attempt to 
eliminate cues that lead parasitoids to discover it. 


Spatial avoidance of parasitoids may occur both at 
macro- or microhabitat levels. An example of the 
former is the migratory habit of many species of 
Lepidoptera. This may help them escape from areas 
with high parasitoid populations. Several species of 
sphingids have a single generation in the seasonally 
dry forests of northwestern Costa Rica, then the adults 
migrate to wet forests on the Caribbean coast where 
they presumably have further generations (Janzen, 
1987). In the dry forests some of these species are 
attacked by several species of Thyreodon, ichneu- 
monids which are not known to occur in lowland wet 
forests (Gauld, 1988b). However, in some parts of the 
world, e.g. Australia, ichneumonids are known to 
migrate, perhaps to follow their migratory hosts 
(Common, 1954). In Japan one species of pierid, 
which is not able to encapsulate a common microgas- 
trine braconid, apparently avoids these parasitoids by 
constantly colonizing new habitats. Other less vagile 
congeneric pierids are immunodefensively resistant to 
these braconids (Ohsaki & Sato, 1990). 

At the microhabitat level one form of spatial escape 
is to feed in some type of concealment. Borers deep in 
plant tissue or root feeders tend to have smaller para- 
sitoid assemblages than more exposed hosts (Hawkins, 
1990). Price and Clancy (1986), working with gall- 
causing sawflies, demonstrated that mortality due to 
parasitoids is inversely correlated with gall size. 
Parasitism rates of bark beetles have been shown to be 
negatively correlated with bark thickness (Ball & 
Dahlsten, 1973). However, phytophages living in 
‘weak’ concealment on plants, such as leaf-rollers, 
web-spinners and leaf-miners are attacked by larger 
assemblages of parasitoids, especially idiobiont 
ectoparasitoids, than are exposed hosts (Hawkins & 
Lawton, 1987; Hawkins, 1990). 

Temporal escape may be effected in several ways. In 
the North Temperate region large numbers of 
Lepidoptera overwinter as pupae. Consequently the 
larvae of many species feed synchronously and are 
pupating at a similar time in mid to late summer— 
when idiobiont pupal parasitoids are particularly abun- 
dant. A few species, such as Euproctis chrysorrhea 
(Lymantriidae), largely escape attack by these idiobionts 
since they overwinter as larvae, complete larval devel- 
opment very early in spring and pupate when most 
other species are still early or mid instar larvae. 
Prospective hosts can also reduce parasitism by expos- 
ing their vulnerable stages at times when fewer para- 
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sitoids are likely to encounter them. A number of 
endopterygote larvae (such as many species of noctu- 
ids) conceal themselves during the day then emerge 
and feed at night. Although nocturnal feeding probably 
allows them to escape the attentions of diurnally active 
parasitoids, they are attacked by a smaller assemblage 
of nocturnal parasitoids. Another method of temporally 
avoiding parasitoids is to spend long periods in a devel- 
opmental stage that is not attacked, such as the adult 
stage. Many hispine leaf-miners in the seasonally dry 
forests of northwestern Costa Rica have a single gener- 
ation per year, then emerge and spend up to eleven 
months as an adult. Manipulations creating an artificial 
second generation have demonstrated that such a gen- 
eration is likely to be subjected to rates of parasitism 
approaching 100 percent (J. Memmott, pers. comm.). 
Many moths in this same area also have only a single 
generation and spend the dry season as reproductively 
inactive adults (Janzen, 1987). 

Many insects have behavioural features that may 
help them avoid leaving cues that could enable para- 
sitoids to discover them. A Costa Rican dry forest 
caterpillar repeatedly pushed its faecal pellet off the 
leaf it rested on (D.H. Janzen, pers. comm.), and 
many nest-building aculeates make considerable 
efforts to remove spoilage from the area around their 
burrows. 

Phytophagous larvae feeding on relatively unusual 
food-plants may escape parasitism because their 
potential parasitoids search for hosts by initially locat- 
ing the host's usual food plant. For example, a species 
of Cardiochiles (Braconidae) commonly parasitizes the 
larvae of Heliothis virescens (Noctuidae) when they 
occur on a variety of cultivated plants, but not when 
they occur on peanuts (Vinson, 1981). Although a 
potential host may avoid its normal parasitoids by 
such behaviour, it may be attacked by a different set 
of parasitoids. 


Proximate factors 


Defences of prospective hosts that either physically 
prevent oviposition, or that deter attack by the para- 
sitoids can be grouped into four overlapping classes: 
a) mechanical or structural features; b) behavioural 
characteristics; c) chemical defences; and d) ant- 
mediated defences. Insect behavioural and morpho- 
logical defences against parasitoids were recently 
reviewed by Gross (1993), who gives many additional 
examples to those cited below. 


Mechanical defences. The immotile forms of many 
insects, such as coccoid scales, and the eggs and 
pupae of holometabolous insects, are often defended 
by some form of ‘armour’—a thick chorion in the case 
of eggs, a hard carapace in diaspidid coccoids and a 
heavily chitinized pupal exoskeleton. All of these fea- 
tures offer some form of protection from parasitoids. 
For example, the eggs of some insect species have a 
chorion thick enough to prevent oviposition by a tri- 
chogrammatid entirely (Salt, 1938). Thicker scale 
covers on later instars of coccids significantly increase 
handling time by an encyrtid (Noda et al., 1982). 
Many butterflies, which pupate in exposed situations, 
have hard smooth pupal cuticle, which makes it 
difficult for a parasitoid to grip the pupa and insert its 
ovipositor (Cole, 1959a). This difficulty is compounded 
by the fact that many such pupae are suspended on 
threads, making it difficult for the parasitoid to gain 
the foothold necessary for getting enough leverage to 
pierce the cuticle. Some pupae wriggle violently 
making oviposition even more difficult. 


In other cases relatively immotile stages may be 
defended by hardened cases or dense silken masses. For 
eggs, such defences are provided by the egg-laying 
adult. For example, Microrhopala, a chrysomelid beetle, 
covers its vertical stacks of eggs with a layer of liquid 
faeces which hardens; Chrysonotomyia species are only 
able to attack the bottom eggs where the covering is 
incomplete (Damman & Cappuccino, 1991). Some 
mantids lay their eggs in a frothy mass of secreted foam 
that hardens rapidly. However, one group of scelionids 
have circumvented this defence by being phoretic upon 
the mantid adult, so they can gain ovipositional access 
to the eggs before the protective foam hardens (Rabaud, 
1922). Various other coverings, such as layers of scales 
and frass, may also protect eggs from parasitoids. For 
example, scelionid parasitoids of an embiid require 
three times as long to reach eggs concealed with silk, 
faeces and substrate material, than they do to attack 
eggs from which the covers have been experimentally 
removed (Edgerly, 1987). Spiders that enclose their 
eggs in dense silken sacs may escape baeine scelionid 
egg parasitoids (Austin, 1985); however, these sacs 
resemble insect cocoons and thus attract a suite of ich- 
neumonid parasitoids that mostly attack cocooned 
insect hosts (Gauld, 1988c). 

Pupae or prepupae may also be defended in a 
similar manner, by hard coverings or dense silken 


cocoons, but in such cases these are secreted by the 
prospective host itself. For example, the prepupae of 
many limacodid moths are concealed in cocoons that 
are extremely hard and smooth, and difficult for a par- 
asitoid to penetrate. Certain ichneumonids, most 
notably species of baryceratine cryptines, have a spe- 
cially modified ovipositor with a threaded tip which 
they screw into the limacodid cocoon (Momoi & 
Okamoto, 1965), but oviposition may take over one 
hour. Other hard pupae are equipped with spines 
between their abdominal segments (Hinton, 1955), 
which may serve to pinch prospective parasitoids and 
drive them away (Askew, 1971). Many Lepidoptera 
spin dense woolly cocoons that may entangle para- 
sitoids and deter them from ovipositing, or it may 
prevent them from actually reaching the pupa with 
their ovipositor (Cole, 1967; Cronin & Gill, 1989). 

Larvae, like pupae or prepupae may gain some 
measure of protection from parasitoids by living in 
silken webs (e.g. Stamp, 1982), though silk-associated 
semiochemicals may also serve to attract parasitoids 
(Weseloh, 1976). The integument of the larvae of 
many holometabolous insects is furnished with spines 
or dense pubescence which, in some cases, offers pro- 
tection against parasitoids (see Gross, 1993). However, 
although these features may protect caterpillars from 
attacks by certain parasitoids, such caterpillars do have 
large parasitoid assemblages (Sheehan, 1991). 


Behavioural defences. Behavioural responses 
elicited from a prospective host by a parasitoid may be 
grouped into two broad classes—evasive and aggres- 
sive actions (Gross, 1993). The larvae of many 
holometabolous insects, and to some extent the pupae, 
attempt to evade parasitism by violently wriggling or 
twitching when attacked (Beeson & Chatterjee, 1935; 
Cole, 1959a). In the curculionid, Hypera postica, the 
larva of one form rapidly rotates about its longitudinal 
axis when attacked by a eulophid, whereas the other 
form does not. In the laboratory only 33 percent of 
parasitoid encounters with the rotating form resulted 
in successful oviposition, compared to a 76 percent 
success rate against the stationary form (Volker & 
Simpson, 1975). 


Thrashing about or rolling may result in the larva 
falling off the feeding substrate, or out of its leaf roll. In 
other cases the larva may simply let go and fall off its 
leaf, but in both instances the larva often remains 


attached by a long silken thread (e.g. see Yeargan & 
Braman, 1986, 1989). Such behaviour can substan- 
tially increase host-handling time by the parasitoid. 
Active host-escape behaviours may be especially prob- 
lematic for idiobionts which have to sting and immobi- 
lize a prospective host prior to oviposition. Evidence for 
this was provided by a study of gelechiid leaf-miners 
(Gross & Price, 1988). The authors observed that less 
than two percent of the total parasitism of a vagile 
species, with an opening to the outside, was due to 
idiobionts, whereas idiobionts accounted for more than 
40 percent of the total parasitism of a sympatric con- 
generic species that lacked such an escape route. 

Many parasitoids that attack active exopterygote 
nymphs or various adult insects attempt to hold down 
the host during oviposition (Gross, 1993). Species in a 
few groups have obvious morphological adaptations 
to do this—such as the chelate fore tarsus of 
many dryinids or the flattened hirsute tarsi of some 
rhopalosomatids. 

Although many prospective hosts adopt evasive 
behavioural tactics, several holometabolous larvae 
and aphids respond to a parasitoid’s attention aggres- 
sively. Many caterpillars jerk their heads violently 
when approached, and some may produce sticky oral 
secretions (Gross, 1993). Several noctuids attempt, 
and sometimes succeed in biting prospective para- 
sitoids, and certain gregarious symphytan larvae form 
defensive circles and attempt to bite parasitoids 
(Weinstein, 1989). Aphids may kick approaching par- 
asitoids or strike them with their wings or antennae 
(e.g. Gardner et al., 1984; Hofsvang & Hagvar, 1986). 
Loomans et al. (1992) observed that Ceranisus was 
more successful at parasitizing smaller thrips larvae 
than it was at attacking larger ones, apparently 
because the larger larvae were capable of putting up a 
more vigorous defence preventing ovipositor insertion 
by the parasitoid. 

A final category of behavioural defence is that of 
guarding by adults. Among the non-social insects 
parental care in the form of egg-guarding is practised 
sporadically in the Hemiptera, Coleoptera, Hymenoptera 
and very rarely in the Lepidoptera (Eickwort, 1981). 
Although such behaviour may protect the egg mass 
from parasitoids (Ralston, 1977) the presence of the 
adult may serve to attract egg parasitoids, and experi- 
mental removal of the guarding adult may not affect, or 
may even reduce percentage parasitism (Eberhard, 
1975; Nafus € Schreiner, 1988). 


Chemical defences. Many ALLOMONES (chemical 
substances that benefit the emitter, cf. kairomone) are 
protective against a wide array of natural enemies, 
but their effectiveness has more often been tested with 
predators than parasitoids (Gross, 1993). Indeed, 
Gross (op. cit.) has suggested that parasitoids may be 
less susceptible to host chemical defences than inverte- 
brate predators because they are often more special- 
ized, and oviposition may require less contact with a 
host than is necessary for a small predator to subdue 
and consume its prey. However, certain secretions do 
deter or impede parasitoids. Some mole-crickets 
produce a sticky exudate that entangles an attacking 
sphecid parasitoid (Castner, 1984), and aphids may 
smear attacking aphidiine braconids with a waxy 
secretion which hardens rapidly, causing the wasp to 
stop and clean itself (Calvert, 1973). Parasitoids often 
locate their prospective hosts by responding to 
extremely low concentrations of volatile chemicals, so 
a very effective form of defence for a prospective host 
is the ability to emit or eject such a substance at a 
high concentration to inundate the adult parasitoid's 
sensory system (Vinson, 1984a; Whitman et al., 
1990). However, some specialist endoparasitoids. may 
approach and even oviposit in hosts without trigger- 
ing a defensive reaction. For example, attack by the 
specialist papilionid parasitoid Trogus (Ichneumonidae) 
fails to cause a Eurytides larva to evert its osmeteria 
(Damman, 1986). 


Ant-mediated defences. Honeydew-secreting 
Homoptera and the larvae of some lycaenids and rio- 
dinids are often tended by ants, which may protect 
them against attacks by parasitoids (Buckley, 1987; 
Gross, 1993), though the effectiveness of ant atten- 
dance as a defence varies depending upon the species 
involved. For example, parasitism of lycaenid prepu- 
pae by a species of chalcidid increases from zero to 
nearly 90 percent when ants are excluded, but ant 
attendance fails to provide any protection against 
attacks on: young larvae by a microgastrine braconid 
(Pierce et al., 1987). Although ants offer protection to 
aphids against a variety of predators (Way, 1963), 
there is little evidence that they protect the colonies 
against attack by parasitoids (see Gross, 1993). 
However, in some ` cases parasitized aphids, 
‘mummies’, are removed and destroyed by attendant 
ants (Vinson & Scarborough, 1991). A different type 
of apparent ant-mediated defence occurs in at least 


one species of phasmid in northwestern Costa Rica. 
The female stick-insect flicks her new-laid eggs to the 
ground. These eggs have an operculum that is attrac- 
tive to certain ants, which pick up the eggs and dis- 
perse them widely thereby reducing their immediate 
density on the ground below their parent. This may 
reduce levels of parasitization by amisegine chrysidids 
(Windsor, pers. comm.). 


Physiological defences 


Although the immune system of insects and other 
arthropods lacks antibodies, certain haemocytes (blood 
cells) are capable of detecting foreign objects (such as 
the eggs or young larvae of endoparasitoids) and 
encapsulating them (Bronskill, 1960; Salt, 1964; 
Brehélin, 1986; Gupta, 1986). In the process of 
encapsulation haemocytes surround and encase the 
parasitoid; the inner flattened layers of haemocytes 
then often melanize, isolating and killing the para- 
sitoid by asphyxiation (for a more detailed description 
see Vinson, 1990a). A second defence system is called 
CUTICULAR ENCYSTMENT, which involves the for- 
mation of a bubble-like cyst between the cuticle and 
epidermis. The parasitoid larva moves to this cyst (in 
some way not yet fully understood) and is sloughed off 
with the exuviae at the next moult (Arthur € Ewen, 
1975; Ewen & Arthur, 1976). 


7 ING BEHAVIOUR AND 


Mary Jane West-Eberhard and Paul E. Hanson 


The distinguishing attribute of the  aculeate 
Hymenoptera is, as the name implies, the modification 
of the ovipositor into a sting (Latin: aculeus). Most 
aculeates (with the exception of Dryinidae) do not use 
the ovipositor as a means of egg placement, but instead 
use it solely as a weapon, for hunting or for defence. 
The egg is extruded from the oviduct prior to entering 
the ovipositor valves and is manipulated and placed by 
the terminal abdominal segments. This mechanism 
probably evolved among wasps that entered a substrate 
in which the host lived, confronted the host directly 
and oviposited on the host’s body surface, rather than 
using the ovipositor to penetrate the intervening sub- 


strate. It facilitated the paralysing of active or aggres- 
sive host individuals, either free-living or concealed. 
The oviposition site, externally on the host’s body, and 
the subsequent mode of development of the larva, 
remain essentially the same as those of idiobiont para- 
sitoids. The very numerous modifications and special- 
izations of acquiring food for the larvae in aculeate 
families, the radical change of diet from animal- to 
plant-based larval food in the bees, and the repeated 
emergence of truly social (eusocial) colonies in several 
distinct groups, all occurred in groups that stem from 
the parasitoid lower aculeate families. 

The diversification of aculeate biologies is, to some 
extent, reflected by two different modifications of the 
wings. Many groups (such as some bethylids and 
tiphiids, and all mutillids and worker ants) have apter- 
ous females. This condition is associated with host- or 
prey-finding in confined spaces and similar habitats 
and, in many insects, diversion of energetic resources 
to ovarian development (Matsuda, 1987). Other 
aculeates (Vespidae, Sphecidae and Apidae) have 
developed their load-carrying capabilities while flying 
in order to enhance transport of prey to concealed 
locations or specially constructed nests. 

Another feature of many of the more specialized 
aculeates is the construction of a place of concealment 
(a nest) for caching larval food provision (see below). 
This construction may involve extensive habitat 
modification, and has apparently evolved independ- 
ently in at least four lineages—Pompilidae, Vespidae, 
Formicidae and the Sphecidae/Apidae. 


THE EVOLUTION OF PROVISIONING BEHAVIOUR 


There is no clear-cut distinction between ‘parasitoids’ 
and ‘predators’ (see Chapter 2.4). The former has been 
defined as having a larva that develops by feeding on 
a single host individual (Eggleton & Gaston, 1990), 
whereas a predatory larva consumes more than one 
individual as food. In this respect a few species of 
Hymenoptera can develop either in the parasitoid or 
the predator mode. For example, the ichneumonid 
Aritranis develops on a single bee larva in one cell, or 
it consumes several larvae in adjacent cells (Daly, 
1983). Most sphecids are predators, but a few (e.g. 
Larra) are parasitoids, completing development on just 
one host/prey individual. Thus this distinction 
between parasitoid and predator is not particularly 
useful in considering the evolution of the aculeate 
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Fig. 2.09. Cladogram showing postulated phylogenetic inter-relationships of the higher Hymenoptera (after Rasnitsyn, 1988). 
Species belonging to the more primitive lineages (fine stippling) develop as fungivorous/xylophagous larvae in wood, from eggs 
inserted into wood by the adult female. In at least some cases the wood is ‘envenomated’ by the ovipositing female. The larvae 
of the more derived taxa (coarse stippling) develop from eggs placed on an insect wood-borer, which has been immobilized by an 
injection of venom from the adult female wasp. Primitive members of the most derived groups (solid shading) develop similarly, 
but members of the more derived groups have radiated to exploit a range of hosts in other situations. More details of phylogeny 


are given in Chapter 5. 


Hymenoptera. On the other hand, modifications in 
provisioning behaviour can be grouped into an 
ascending series of informal grades (Malyshev, 1968; 
Evans & West-Eberhard, 1970), each successive grade 
being behaviourally more complex, though not neces- 
sarily phylogenetically more derived. 

The simplest grade includes species that construct 
no nest and opportunistically occupy the victim’s lair. 
Female Tiphiidae and Scoliidae locate and attack large 
subterranean beetle larvae in their burrows or earthen 
cells. The victim is stung to immobility and an egg 
laid on it. The female may arrange the substrate about 
the host, or close the victim’s burrow, but otherwise 
departs to leave her offspring to develop without 
further parental attention. Some pompilids attack and 
paralyse spiders in their own retreats, oviposit, and 
leave the offspring to benefit from the host spider's 
concealment. Some of these pompilid biologies may be 
recent simplifications of more complex ancestral 
behaviour, but the tiphiid and scoliid biologies repre- 
sent the retention of primitive (plesiomorphic) patterns 
(see Chapter 14). 

Several aculeate groups have specialized to attack 
hosts in the friable substrate that are better protected 
than beetle larvae by, for example, having a thick 
covering. Since they are unable to use their oviposi- 
tor to pass the egg through the covering, they bite a 
hole through which the tip of the abdomen is 


inserted. The sting may or may not be used to immo- 
bilize the host. Mutillids, for example, bite through 
the host cell and lay an egg on the mature larvae or 
pupae of aculeate hosts. The terminal portion of the 
abdomen of chrysidids is a series of telescoping seg- 
ments that are employed as an analogue of the 
ovipositor, facilitating placement of the egg (Kimsey, 
1992b), but the female remains dependant upon use 
of her mandibles to penetrate the covering to gain 
access to the host. 

Somewhat more complex behaviour is exhibited by 
some Bethylidae and many Pompilidae and Sphecidae, 
in which the female captures and paralyses her prey, 
and then drags or flies with it, searching for some 
cavity (beetle boring, hollow stem, etc.) in which to 
hide it. Once a concealed niche has been located, the 
female enters with her prey, lays an egg, and often 
seals the cavity before leaving. The cavity constitutes 
a primitive developmental chamber, but there is no 
chamber construction by such females. 

The above examples all concern species that utilize 
a single prey individual for the development of each 
larva. However, some Bethylidae attack relatively 
enormous larval Coleoptera or Lepidoptera, which are 
dragged into concealment or sought out and paralysed 
in a cryptic location. The adult female bethylid may 
feed on the haemolymph of the victim, and lay one or 
several eggs onto its body. The larvae that emerge 


develop through to adulthood in the presence of their 
mother, and subsequent generations may co-exist on 
the corpse of a large prey. Although no nest is con- 
structed, the continued presence of the protective 
mother represents an overlap of generations, which is 
sometimes considered important in the evolution of 
eusociality (see below). 

The next grade is the excavation or construction of 
a nest by the female wasp. The primitive condition is 
probably the building of a nest after the prey is cap- 
tured. For example, in several pompilids and a few 
sphecids (e.g. Podalonia) the female captures and 
paralyses the prey which she then drags to an appro- 
priate location. The prey is temporarily concealed 
while she excavates a simple burrow with a single 
apical cell, after which the prey is retrieved, inserted 
into the nest, and an egg laid; the nest is then sealed 
and the wasp departs. Similar behaviour occurs in 
several Pompilidae, and in some of these the female, 
immediately before digging a burrow, caches the 
spider prey high on a plant stem to keep it out of 
reach of scavengers. 

In other aculeates the female wasp prepares the nest 
before hunting for prey. Associated with this behaviour 
is orientation capability by the female, allowing her to 
find the nest again when she returns with prey. The 
ability to relocate the nest also permits the female to 
provision the cell with multiple small prey individuals, 
rather than one large prey. Each brood cell is provi- 
sioned with one or more prey items and an egg is laid 
in it, after which the female seals the cell. Some 
Pompilidae and most Sphecidae illustrate this general 
behavioural sequence, as do bees, which provision the 
nest with pollen and nectar instead of arthropod prey. 
Between hunting forays the female may temporarily 
close the nest entrance which presumably functions to 
hinder intruders, and thus she must reopen the nest 
when she returns with prey. Primitively the female 
carries the prey in her mandibles, which necessitates a 
temporary release of the prey while she uses her 
mandibles to open the nest. In the more derived condi- 
tion the prey is carried with the middle or hind pair of 
legs, or the sting, thus allowing the female to open the 
nest without releasing the prey and therefore possibly 
reducing exposure to cleptoparasites (Evans, 1966b). 

When multiple prey are placed in each cell the egg 
may be laid on the last prey item, or on the first. In 
the case of most eumenine vespids, the egg is laid in 
the empty cell before prey are introduced. Among 


those hymenopterans that provision each cell with 
several prey, the primitive condition is for the female 
to fully provision the cell and seal it before the larva 
begins to develop. This is called MASS PROVISIONING 
because the initial food that is amassed must be 
sufficient to feed the larva during its entire develop- 
ment. In grades beyond this level the practice of 
PROGRESSIVE PROVISIONING is initiated and 
becomes gradually more refined. Under this regime 
the larva is given prey progressively during its devel- 
opment; only after larval development is advanced or 
complete is the cell sealed. Some Sphecidae (e.g. 
Trigonopsis) and eumenine Vespidae (e.g. Zethus minia- 
tus) show a stage that can be considered intermediate 
between mass and progressive provisioning. Here an 
egg is laid after the first prey item has been added to 
the cell, then after the egg hatches the larva is fed pro- 
gressively for several days. More prey are rapidly 
stored and then the nest is sealed. 


THE EVOLUTION OF NEST ARCHITECTURE 


More species of Hymenoptera build nests than any 
other order of insects; outside the Hymenoptera elab- 
orate nest-building occurs principally in the termites, 
all of which are social. In Hymenoptera nests are con- 
structed by pompilids, ants, vespids, sphecids and bees; 
most species in these groups are solitary, the nest being 
built by an individual female, but in parasocial and 
eusocial species (see below) the nest is built by several 
(up to a maximum of probably 100,000) females. Nests 
of solitary Hymenoptera are generally small and incon- 
spicuous whereas those of eusocial species range from 
the centimetre long, delicate sac of the sphecid 
Microstigmus to the gigantic, resinous nest of the South 
American stingless bee, Trigona amazonensis, which is 
cemented to a tree trunk, may be six metres long by 
one metre across and can weigh several hundred kilo- 
grams. Other large nests include those of leaf-cutting 
ants (e.g. Atta cephalotes, see Chapter 16) and those of 
the Brazilian vespid, Agelaia vicina, which contains an 
estimated 33 square metres of comb and 1.3 million 
adults (Simoes unpublished, cited by Jeanne, 1991). 
The nests of most ants are, in comparison with the 
other Hymenoptera, relatively unstructured, lacking 
permanent cells and consisting merely of intercon- 
necting cavities. This lack of fixed cells may actually 
facilitate the ability of ants to move the offspring as a 
means of avoiding disturbance, pathogens, predators, 


or diurnal fluctuations in temperature. However, 
except for ants, hymenopteran nests are generally 
made of cells, each brood cell containing a cavity in 
which one (rarely more than one) larva is reared. In 
the nests of pompilids, eumenine vespids and sphecids 
the cell is usually a simple unlined cavity, whereas 
bees generally line the cavity with a secretion 
(Michener, 1964). 

Burrows excavated in the ground are thought to be 
the ancestral type of nest in most nest-building 
Hymenoptera. Species in these groups that excavate 
nests generally show certain morphological adapta- 
tions for digging, removing soil, or compacting the soil 
in the tunnel. In the Sphecidae four types of digging 
behaviour can be recognized: ‘rakers’, ‘pullers’, ‘carri- 
ers’ and ‘pushers’ (see Chapter 17). Raking appears to 
be a primitive mode of digging in the Sphecidae, and 
also in the Pompilidae, and species showing this type 
of behaviour generally burrow in friable soil (e.g. 
sand). Many masarine and eumenine vespids, on the 
other hand, burrow in hard ground and carry water 
to the nest site in order to soften the soil. Most ants 
are ‘carriers’ whereas many bees that burrow in the 
ground are ‘pushers’, digging a vertical burrow by 
pushing soil with the pygidial plate as they back out 
of the burrow. 

The most primitive type of nest consists simply of a 
cell excavated from the end of an existing burrow in 
the ground or in rotten wood (e.g. some pompilids and 
sphecids). A slight development from this pattern is 
shown by those hymenopterans that excavate both the 
burrow and the terminal cell (e.g. many pompilids, 
some sphecids and bees). Although unicellular nests are 
generally considered primitive, in some sphecids a uni- 
cellular nest may represent a derived condition, perhaps 
resulting from selection to avoid natural enemies (e.g. 
Vinson et al., 1987). Multicellular nests comprise two 
or more cells, the simplest form being a branching 
tunnel with each branch terminating in a cell. A more 
advanced condition is the grouping of cells, either in a 
cluster, or in a linear sequence with the cells arranged 
end to end. The latter arrangement is also used by 
eumenines, sphecids, and bees that nest in hollow or 
pithy plant stems. Whether in the ground or in a stem, 
these tube-nesters show similar adaptations. Nesting in 
the confines of a tubular substrate selects for a larva 
that orients with its head toward the exit before spin- 
ning a cocoon, since there is often insufficient space 
available for the adult to turn around. It has been 


shown that stem-nesting Hymenoptera generally make 
cell partitions with the concave surface facing the exit 
and the convex surface facing inward, thus allowing 
the larva to orient with respect to the exit end of the 
stem (Cooper, 1957). Another problem confronting 
tube-nesting hymenopterans is that the innermost cell 
is the oldest and therefore if developmental time is the 
same in all cells the innermost individual may eclose 
first and destroy the outer cells in the process of emerg- 
ing from the nest. The evolved solution to this problem 
is for individuals in the inner cells to wait and all 
emerge simultaneously (Krombein, 1967). In addition, 
many tube-nesters place female eggs in the inner cells 
and male eggs in the outer cells, since males generally 
require less time to develop. The result is more highly 
synchronized emergence. 

Several hymenopterans do not utilize or excavate 
cavities but require instead a surface on which to 
build an exposed nest entirely from material gathered 
by the female. One of the most common construction 
materials is mud. This is employed by some lineages of 
pompilids (e.g. Auplopus), vespids (e.g. Eumenes), sphe- 
cids (e.g. Sceliphron, some Trypoxylonini), and bees 
(e.g. Eulaema). Another common construction: mater- 
ial is masticated wood chips that are formed into a 
‘paper’ or ‘carton’ nest (many Azteca ants and polis- 
tine Vespidae). Some orchid bees (Euglossinae) and 
stingless bees (Meliponinae) build exposed nests, utiliz- 
ing mostly resin as a construction material. 


THE EVOLUTION OF SOCIAL BEHAVIOUR 


Many wasps and bees nest in aggregations. Factors 
other than shortage of nesting space (such as defence 
against parasites) may have led to aggregated nesting 
(Lin & Michener, 1972; Rosenheim, 1990). 
Aggregated nesting may lead to communal nesting, 
whereby several females use the same nest entrance 
but continue to maintain their own individual cells. 
The individual females in a communal nest may 
utilize either mass provisioning or progressive provi- 
sioning of their cells. 

The apparently large gulf between the solitary and 
highly social Hymenoptera is spanned in the aculeate 
families by a finely stepped sequence of behavioural 
modifications that link the extremes. These 
modifications can be grouped into a number of cate- 
gories, from the behaviourally least complex to the 
most complex. The following terms are commonly 


used for the different types of intermediate groups 
existing between solitary and eusocial (Wilson, 1971: 
Michener, 1974a; Eickwort, 1981; Cowan, 1991). 


Solitary. Females nest alone, mass provision their 
nests, and do not interact with their developing off- 
spring. 


Primitively social (= presocial). Females exhibit 
social behaviour beyond sexual interactions, yet 
show no reproductive division of labour. 
Subsocial: females nest alone but interact with 
their offspring, usually by progressive provisioning. 
Parasocial: females of the same generation inter- 
act on the same nest. [It should be noted that dif- 
ferent types of parasocial behaviour, which are 
listed below, may be present in the same species 
at different times. ] 
Communal: each female builds, oviposits in, and 
provisions her own cells. 
Quasisocial: all females co-operate in building 
and provisioning brood cells, all females oviposit. 


Semisocial. Some females lay most or all of the 
eggs and some of the same generation lay none. 


Eusocial. Females co-operate in nesting, exhibit 
reproductive division of labour (as in semisocial), 
and show an overlap of generations. 
Primitively eusocial: morphological differences 
between reproductive and worker females do not 
occur. 
Highly eusocial: reproductive and worker castes 
are morphologically distinct. 


Two lines of evolution towards eusociality are some- 
times distinguished. Each route involves the gradual 
acquisition of the three characteristics of eusocial orga- 
nization, but the characteristics are developed in a dif- 
ferent order in the two routes. The PARASOCIAL 
ROUTE involves the transition from communal nesting 
to the quasisocial condition, whereby several reproduc- 
tive females of the same generation co-operate in 
caring for each others’ brood, although all the females 
are reproductives and all partake in construction and 
maintenance of the communal nest. In the next grade, 
the semisocial condition, not only do the females co- 
operate in brood care but there is also a reproductive 
division of labour. The females differentiate into func- 


tional reproductives (queens) and assistants which do 
not lay or which cease to lay eggs, these latter females 
being the first sign of the emergence of a sterile worker 
caste. In some cases the dominant female will destroy 
any eggs laid by subordinate females. If this semisocial 
condition is extended over two or more generations by 
extension of the reproductive’s life, so that the genera- 
tions overlap and offspring assist parents, then the 
group is termed eusocial. Specialization within the 
eusocial grade then may widen the gap between repro- 
ductive and non-reproductive females until they are 
strongly differentiated into morphologically distinct 
queen and worker castes. 

Examples of stages in the parasocial route among 
neotropical species include the orchid bee Euglossa 
imperialis, which has reached the communal and qua- 
sisocial stages (Roberts & Dodson, 1967), and at least 
three halictine bees that have reached the semisocial 
stage—Caenaugochlora costaricensis, Pseudaugochloropsis 
graminea, and P. sordicutis (Michener & Kerfoot, 1967; 
Michener, 1974a). 

Unlike the parasocial route the first increase in com- 
plexity shown in the SUBSOCIAL ROUTE is the devel- 
opment of an overlap of generations in forms that 
otherwise do not show cooperative brood care, nor 
reproductive division of labour. This is achieved by 
progenitor females living long enough to see the 
development of their brood to adulthood and to under- 
take more reproductive activity in company with their 
offspring. The next stage shows, in addition to over- 
lapping generations, the development of cooperative 
brood care. The differentiation of a reproductive 
female caste and non-reproductive workers will again 
satisfy the criteria of eusociality. A possible example 
of the subsocial route is the halictine bee, Augochlora 
nominata, in which the first brood remains with the 
nest and helps with the second brood (Eickwort & 
Eickwort, 1972a). 

The dichotomization of these two ‘routes’ to sociality 
in fact probably exaggerates the clarity of the distinc- 
tion between ‘parasocial’ and ‘subsocial’ groups, and 
the importance of overlap of generations in the evolu- 
tion of eusociality, where a reproductive division of 
labour is the more important biological innovation. 
Some primitively social (nest-sharing, workerless) wasp 
species, for example, use the same nest for several gen- 
erations (up to four years of constant occupation in the 
tropical eumenine Zethus miniatus) and although all 
group members are descendants of a single foundress 


female, generational overlap sometimes occurs and 
sometimes does not (female longevity varies). Such a 
colony is simultaneously ‘subsocial’ and ‘parasocial’. 
For this and other reasons West-Eberhard (1978a) 
considered the POLYGYNOUS FAMILY route a more 
accurate and general description of a hypothetical con- 
dition for eusociality in wasps and bees. 

Amongst the Hymenoptera eusociality occurs in all 
ants, some vespids, one genus of Sphecidae, and some 
bees. In some eusocial Hymenoptera the colony con- 
tains just one queen (MONOGYNOUS colonies) while 
in others the colony contains more than one queen 
(POLYGYNOUS colonies). The evolution of queen 
number is a highly labile character in ants but is more 
conservative in bees (Ross & Carpenter, 1991). Among 
the highly eusocial bees, those having morphological 
worker-queen differences (Meliponinae and Apinae), 
monogyny appears to be ancestral and there has been 
little subsequent evolution in queen number. In the 
Polistinae (Vespidae) monogyny is ancestral, and is 
retained in the tribes Polistini and Mischocyttarini, but 
polygyny has arisen in the large tribe Epiponini (i.e. 
those that initiate new colonies in swarms; see 
Chapter 15). In this last group alternating polygyny 
and monogyny characterizes the relatively small 
colonies that have been studied; permanent polygyny 
probably occurs in large colonies, though it has never 
actually been demonstrated. 

In some highly eusocial Hymenoptera there exists 
not only a reproductive division of labour (i.e. queen 
vs worker) but also a further division of labour among 
workers, based on differences in the probabilities of 
performing different tasks within the colony (Wilson, 
1971; Oster & Wilson, 1978). This division of labour 
may be based on worker age polyethism, worker poly- 
morphism (most prominent in some ants), and indi- 
vidual differences in task specialization (Jeanne, 
1988). Despite the existence of increased worker spe- 
cialization in highly eusocial Hymenoptera, the 
workers retain some of the behavioural flexibility asso- 
ciated with more primitive species, thus allowing the 
individuals and colonies to respond to changing condi- 
tions. Since there are no colony ‘leaders’ directing the 
activities, a major thrust in research on insect socio- 
biology is directed toward understanding how div- 
ision of labour is regulated, i.e. how individual 
workers respond to fragmentary information with 
actions appropriate to the state of the whole 
colony (Robinson, 1992). 


The origin of eusociality in ants remains problemati- 
cal for comparative study since all extant species are 
fully social. Sociality in ants may have evolved from 
something resembling the communal parasitoid activi- 
ties exhibited by some Bethylidae (Malyshev, 1968), or 
through a wasp-like progressive provisioning regime 
(regarded as more likely on the basis of current evi- 
dence; Hólldobler & Wilson, 1990a). In communally 
parasitoid bethylids the first brood may develop to 
adulthood without the original female leaving, and 
several generations may exist together around the 
corpse of a large prey. Such agglomerations of numer- 
ous individuals in a single spot, with the members of 
more than one generation interacting, may form a 
behavioural base from which social organization could 
develop. For instance, if the female parent were to 
develop dominance over the others, such that their 
fecundity was suppressed, or if they acted in concert to 
raise the offspring, say by transporting larvae to fresh 
prey (or vice versa), then a primitive form of sociality 
would have been achieved (Gauld & Bolton, 1988). 

The larvae of the most primitive groups of ants are 
mobile and highly predaceous, and are fed whole or 
disarticulated prey by their worker nest-mates. For her 
first brood, the queen of these primitive forms goes out 
actively foraging for prey. This type of colony founda- 
tion, where the foundress is an active predator and 
not permanently enclosed in a cell, is exhibited by 
several primitive taxa of ants. In one such group, the 
amblyoponines (Ponerinae), there is a marked ten- 
dency for the larval brood to be transported to very 
large immobilized prey, rather than the prey being 
brought to the brood. In other groups the prey is cap- 
tured by the foraging female and brought back to the 
incipient nest. This latter form of behaviour may rep- 
resent a remnant of the progressive provisioning seen 
in various families of wasps, but it may also be sec- 
ondary to the amblyoponine type of organization in 
that, rather than expose the larvae to danger by 
moving them to their food, the prey is brought to 
them while they remain in a relatively secure place. 
Conversely it may imply that sociality has arisen twice 
in the Formicidae, once by each of these techniques 
(see Hólldobler & Wilson, 1990a, p. 27 for a phylo- 
genetic discussion leaving both possibilities open). 

Among non-hymenopterous insects eusociality has 
arisen only in the termites. Thus considerable atten- 
tion has been directed to the question of why euso- 
ciality has arisen so often in the order Hymenoptera 


and so infrequently in other insects. W.D. Hamilton 


(1964) postulated, and later elaborated (W.D. 
Hamilton, 1972, 1974) the novel hypothesis that the 
haplo-diploid genetic constitution of Hymenoptera 
may be the mechanism facilitating the evolution of 
eusociality. The reasoning advanced for this 
HAPLODIPLOIDY THEORY was that, as males are 
haploid and females diploid throughout the order 
Hymenoptera, all males (brothers) derived from a 
singly-mated female are genetically identical, whereas 
all females (sisters) thus derived will share an average 
of three-quarters of their genetic complement. Set 
against this three-quarters genetic similarity of sisters 
is the fact that the quantity of shared genetic material 
between mother and daughter is only one-half, and 
between sister and brother only one-quarter. 

Assuming that the interest of the female should be 
most strongly directed towards those offspring that are 
genetically closest to her (i.e. those that share the 
highest proportion of common genetic material), then 
in cases where the mother lives long enough to see 
the development of her female offspring to maturity, 
those female offspring would maximize their inclusive 
fitness by forsaking their own reproductive potential 
for the sake of rearing their mother’s later female off- 
spring, provided that the increased reproductive rate 
of the mother more than offsets the lost potential 
brought about by her daughters’ lack of reproduction. 
This ‘altruistic’ suppression of reproduction in the 
daughters would thus lead them to function as a 
worker caste. 

The three-quarters relatedness thesis is very attrac- 
tive, reducing as it does the concept of the evolution of 
hymenopterous eusociality to the simpler concept of 
genetic relatedness. Reviews of the theory and its 
ramifications are given by Starr (1979) and 
Andersson (1984). Besides these reviews both W.D. 
Hamilton (1964) and Wilson (1971) have discussed 
the pros and cons of the theory and mentioned factors 
that act against it, such as multiple mating by out- 
breeding females (Page, 1986; Sherman et al., 1988) 
and the occurrence of functionally polygynous 
colonies (West-Eberhard, 1978a). However, genetic 
relatedness alone does not answer all questions 
regarding the taxonomic distribution of eusociality; 
factors other than relatedness must also be involved 
and in fact are contemplated by the cost-benefit side of 
Hamilton’s theory (West-Eberhard, 1975). In the 
Hymenoptera eusociality is a trait peculiar to a very 


few families of Aculeata, and even among these few 
families there is no uniformity of eusocial develop- 
ment. On the basis of relatedness alone it is not easy 
to explain why eusociality has never developed in the 
Bethylidae, why there are relatively so few occur- 
rences of eusociality in the Aculeata, and why a 
similar eusociality has never arisen in other hap- 
lodiploid insect groups such as the thrips, micro- 
malthine beetles, or iceryine scale-insects, all of 
which form close aggregations of adults and offspring. 

Alexander (1974), Evans (1977) and West- 
Eberhard (1987) discuss factors other than relatedness 
that may have contributed to the evolution of sterile 
workers, including extrinsic factors such as predation 
and parasitism, maternal manipulation of offspring 
roles, and the consequences of obligatory group life for 
intragroup dominance relations and reproductive sup- 
pression of some individuals, given characteristics 
widespread in hymenopteran females. 

It is important in considering relatedness to remem- 
ber that while doubts remain concerning the 
importance of haplodiploidy for social evolution, there 
is no doubt about the importance of KIN SELECTION. 
All worker-containing groups are composed of kin, if 
not matrifilial associations, at least extended families. 
Recent studies using electrophoresis have confirmed 
what was earlier evident from a few long-term studies 
of female genealogies (e.g. West-Eberhard, 1969, 
1978a; Noonan, 1981): kinship among colony 
members is well above values for the population at 
large, and especially if the cost-benefit term of 
Hamilton’s formulation is taken into account, the levels 
of relatedness observed in all studied social insects indi- 
cate a ubiquitous role of kin selection (the general, 
rather than special-case haplodiploidy, version of the 
theory). This even applies in one of its severest tests— 
the polygynous tropical social wasps, where if a mul- 
tiple queen condition persists with outbreeding, 
relatedness is expected to decline to relatively low 
levels, approaching those of the population as a whole 
(West-Eberhard, 1973). So far, all such species studied 
using protein-electrophoresis show worker relatedness 
to be above relatedness of the population as a whole, 
ranging from 0.11 in one population of Parachartergus 
colobopterus (Queller et al., 1988) to 0.39 in Protopolybia 
exigua (Gastreich et al., in press) [in a later study by 
Strassmann et al., 1991, P. colobopterus showed intra- 
colony relatedness of 0.31, due to high kinship of 
queens (r = 0.67)]. In the Costa Rican species Agelaia 


multipicta average worker relatedness was 0.184, with 
that of queens 0.69 (West-Eberhard, Lobo & Azofeifa, 
unpublished; see West-Eberhard, 1990). For a review 
of relatedness values in polygynous social wasps see 
Gastreich et al. (1993). Whenever relatedness is above 
the population average, kin selection can be presumed 
to play a role in social evolution (Maynard Smith, 
1982). In honey-bees a fine degree of kin discrimina- 
tion has been demonstrated, with workers attacking 
half sisters more than full sisters in the same colony 
(Evers & Seeley, 1986). 

Another appealing hypothesis that presents a selec- 
tive context to account for the evolution of eusociality 
in the Hymenoptera is that postulated by Alexander 
(1974) and Michener and Brothers (1974). This is the 
PARENTAL MANIPULATION THEORY (reviewed in 
Brian, 1980; and Brockmann, 1984) and, like the kin 
selection theory outlined above, it becomes feasible 
only in taxa having a protracted mother-daughter 
relationship and an overlapping of generations. Unlike 
the kin selection theory, this system envisages the 
mother manipulating her offspring (either genetically, 
behaviourally, or physiologically; Fletcher & Ross, 
1985) so that she dominates and controls her daugh- 
ters in such a way that her own fitness is enhanced. 
Her reproductive potential is increased at the expense 
of her offspring, which therefore function as a worker 
caste, not by altruistic relinquishment of their repro- 
ductive potential, but through parental dominance and 
control. However, kin selection on daughters would 
lower the amount of mother-daughter conflict over 
social roles (Trivers, 1974; West-Eberhard, 1975). 

Both the haplodiploidy theory and the parental 
manipulation theory are contradicted by observations 
of primitively social species (e.g. see West-Eberhard, 
1978a) and supported by observations of eusocial ones 
(Alexander et al., 1991). Thus haplodiploidy may have 
been more important in the maintenance and elabora- 
tion of eusociality than in the transition to worker pro- 
duction. It may eventually prove the case that both 
theories are partially correct, each accounting for 
some aspect of eusocial development, or acting syner- 
gistically to produce co-operation and maintain it. 


COMMUNICATION AMONG MEMBERS OF A COLONY 


The spectacular achievements of social insects are 
mass phenomena that emerge from the integration of 
simpler individual behaviour by means of communica- 


tion (Wilson, 1971). Intraspecific communication in 
social Hymenoptera involves primarily, although not 
exclusively, the use of chemical signals, i.e. the use of 
pheromones. In ants more than ten organs have been 
implicated in the production of communicative chemi- 
cals. The worker ant is, as Holldobler & Wilson 
(1990a) put it, ‘a walking battery of exocrine glands, 
developed to a degree well beyond that typifying 
nonsocial hymenopterans’. Reviews of the exocrine 
glands are available for ants (Hólldobler & Wilson, 
1990a), social wasps (Downing, 1991), and social 
bees (Free, 1987). Besides pheromones these exocrine 
glands produce venoms, substances used in nest build- 
ing, etc. Communication among members of a colony 
of social Hymenoptera involves about a dozen cate- 
gories of responses, of which the following have 
received the most attention. 


Recognition 

Members of a social colony recognize other members of 
the same colony and distinguish castes (e.g. queen 
recognition). 'Kin recognition' refers to the process by 
which individuals assess genetic relatedness of con- 
specifics to themselves. The ability to distinguish 
between nestmates and non-nestmates appears to be 
learned shortly after eclosing to the adult stage, and 
usually involves odours. Polistine vespids appear to 
learn recognition odours from the nest (Gamboa et al., 
1986), and in honey-bees, comb wax serves as a source 
and medium for transmission of recognition cues (Breed 
& Stiller, 1992). Callow ants, whose odours differ from 
the ambient odours of the colony, may be protected by 
a brood-masking substance while they acquire labels 
and learn ‘templates’ (Hólldobler € Wilson, 19904). 

In all social Hymenoptera queen recognition and 
queen control over workers are probably inseparable 
(Fletcher & Ross, 1985). In the honey-bee there are 
pheromonal stimuli that inform workers of the pres- 
ence of a queen in the colony and at close quarters 
workers are attracted to the queen. A weak attractant 
is produced by Kischevnikov's gland (located in the 
sting chamber) which produces the 'queen substance' 
(trans-9-keto-2-decenoic acid), and a highly active 
attractant is produced by the mandibular glands. 
Stingless bees also show queen recognition as evi- 
denced by the fact that they tend to avoid the queen. 
One of the most dramatic examples of attraction is that 
elicited by army ant queens, which are usually so 
covered with workers that they are hidden from view. 


Alarm 


A sting from a honey-bee or social wasp often attracts 
further attack by other members of the colony. In bees 
the signal provoking the mass assault includes a 
mixture of compounds, including isoamyl acetate, 
which has a banana-like odour and is produced by the 
lining of the sting pouch (Free, 1987). Honey-bees 
also secrete an alarm pheromone (2-heptanone) from 
their mandibular glands, although its function may be 
primarily to repel potential robber bees coming from 
other colonies. Stingless bees emit various compounds 
from their mandibular glands upon biting (Smith & 
Roubik, 1983; Johnson et al., 1985), which may serve 
as alarm pheromones and possibly as allomones 
allowing them to construct nests in active ant or 
termite nests (Roubik, 1989, p. 218). In ants alarm 
pheromones are produced by the mandibular glands 
(many Myrmicinae, some Formicinae), Dufour's gland 
(Formicinae), and the pygidial gland (Dolichoderinae). 
In social wasps alarm pheromones are produced by 
the poison gland in Vespinae but in the Polistinae 
alarm pheromones per se appear to be absent, 
although the venom itself may elicit alarm in nest- 
mates (Jeanne, 1981, 1982). An extreme alarm 
response in the tropical wasp Synoeca surinama elicited 
an allergic response in a nearby, hypersensitive 
human observer, suggesting release of an airborne 
substance (West-Eberhard, 1981). 

The alarm pheromones vary between taxa but tend 
to be small, simple molecules that spread and fade 
quickly (Hólldobler & Wilson, 1990a). When the alarm 
pheromone is detected by another member of the 
colony the type of response elicited depends upon the 
species—in aggressive species alarm pheromones may 
lower the threshold for attack and help orient individu- 
als toward the source of danger (in conjunction with 
visual cues), whereas in more docile species alarm 
pheromone may elicit escape behaviour. Moreover, 
closely related species may recognize each others’ 
alarm pheromones; thus Trigona fulviventris responds 
(flight and defensive posture) to mandibular gland 
components of other stingless bees (Johnson, 1980). 

Although Polistes (Vespidae) apparently lack alarm 
pheromones, they use tactile alarm signals transmitted 
via the paper nest when aroused by the presence of an 
ichneumonid ' parasitoid (West-Eberhard, 1969). 
Alarmed Synoeca wasps show a synchronized pecking 
of the nest envelope with the mandibles (West- 


Eberhard, pers. obs.), which may serve as both an 
alarm signal to nestmates, and a warning to preda- 
tors. Ants belonging to the subfamilies Ponerinae, 
Pseudomyrmecinae and Myrmicinae stridulate, which 
may serve as an acoustical underground alarm signal, 
at least in some cases. In leaf-cutter ants (Atta) stridu- 
lation commonly occurs when part of the colony is 
buried by a cave-in of the nest and elicits a rescue 
response in nestmates (Markl, 1985). Some tropical 
Camponotus ants (Formicinae) make a tapping sound 
when disturbed (West-Eberhard, pers. obs.). 


Recruitment 


Recruitment is defined as communication that brings 
nestmates to some point in space where nestmates are 
active, whether it be in food retrieval, nest construc- 
tion, nest defence, or migration (Wilson, 1971). The 
simplest types of recruitment result as a by-product of 
alarm and attraction pheromones. Stingless bees often 
mark a food source with odours that are recognized by 
other members of the species, including members of 
other colonies (Villa & Weiss, 1990). Another primi- 
tive form of recruitment utilizes the odour of food 
brought to the nest accompanied by erratic, ‘excited’ 
running movements. In honey-bees a successful 
forager can communicate the floral source simply by 
the odours adhering to her body and the scent of 
regurgitated nectar. 

Some ants utilize a simple form of chemical recruit- 
ment known as ‘tandem running’. If a worker ant 
encounters a food particle too large to carry, it returns 
to the nest, contacts another worker, and leads it from 
the nest. The leader runs a short distance and stops; 
the follower, who is now excited by secretions released 
by the leader, runs swiftly behind or circles until it 
contacts the leader. This process continues until they 
arrive at the food source. 

The most elaborate form of chemical communica- 
tion in ants is the odour trail system, which in some 
ants has probably evolved from tandem running. After 
discovering a food source a worker ant returns to the 
nest, stopping at intervals to mark the route with 
pheromones. Other workers which detect the air- 
borne molecules emanating from the substrate, follow 
the freshly laid trail out from the nest and are capable 
of discriminating an increasing gradient of molecular 
concentration. The odour trail eventually fades away 
unless subsequent workers find the food source 
sufficiently rewarding to add more trail pheromones. 


These pheromones are used not only in recruitment 
to a food source but also in moving to another nest 
site. Odour trail communication has evidently orig- 
inated several times in ants since the glandular source 
of the trail pheromone varies between ant taxa: poison 
gland in Myrmicinae, sternal gland in Dolichoderinae, 
and hindgut in Formicinae. ‘Graded recruitment’, with 
more ants responding to rich food sources, has been 
demonstrated in the Costa Rican ponerine ~ ant, 
Paraponera clavata (Breed et al., 1987), one of the few 
species in which this has been demonstrated. Both 
tandem running and odour trails may be used in 
exploration. In army ants for example trail 
pheromones from the pygidial gland are deposited 
almost continuously by exploring workers. 

In stingless bees that lay odour trails (not all species 
do so), the source of the trail pheromone is the 
mandibular gland and larger quantities are secreted 
than in trail-laying ants; indeed they are detectable by 
humans. After returning to the nest a successful 
forager arouses her nestmates by producing a buzzing 
sound. They then leave to follow a trail of odour 
droplets deposited on the vegetation (e.g. Hubbell & 
Johnson, 1978). In social wasps recruitment to a food 
source is rare, but the odour trails laid down by 
glands on the fifth and/or sixth sternite are used in 
swarming to a new nest location (Downing, 1991). 

The most famous insect recruitment system is the 
‘waggle dance’ of the honey-bee (Frisch, 1967; 
Lindauer, 1967; Kirchner & Sommer, 1992; 
Michelsen et al., 1992; Seeley & Towne, 1992). The 
waggle dance is unique in that it represents an 
unusually complete message that guides a complex 
behavioural response. The message is constructed 
from a ritualized and miniaturized imitation of the 
journey that the signalling bee has taken in the past 
and upon which some of its sister bees are about to 
embark (Wilson, 1971). The signalling bee runs 
straight up the side of a vertical comb, turns to the 
left, circles back, repeats the straight run up the comb, 
turns to the right, circles back, etc.—alternately 
turning left and right after each straight run. During 
each straight run she buzzes her wings and wags her 
abdomen. The direction and duration of the straight 
run up the comb are closely correlated with the direc- 
tion and distance, respectively, of the food source. For 
example, if the food source is located 20 degrees to the 
right of the sun, the straight run of the dance is 
directed at an angle of 20 degrees to the right of verti- 


cal. The duration of the straight run increases with 
length of the journey. 


Trophallaxis 


The exchange of liquid food among members of the 
same colony, known as TROPHALLAXIS, plays a 
prominent role in the social interactions of most social 
insects (Wilson, 1971). The transfer of regurgitated 
liquid may occur between adults, or between adults 
and larvae. In ants both types of trophallaxis occur 
and.tend to follow a phylogenetic pattern, occurring 
sporadically in primitive groups (e.g. absent in army 
ants) but occurring commonly in more advanced 
groups. In general liquid food exchange is most 
common in ants which naturally include a large 
amount of liquid in the diet and in those which do not 
regularly feed the larvae and queen with trophic eggs. 
In some social wasps trophallaxis occurs between 
adults, and between adults and larvae, the latter rep- 
resenting a biochemical division of labour, i.e. only 
larvae possess certain enzymes necessary for convert- 
ing proteins to carbohydrates (Ikan et al., 1968). 
Among bees trophallaxis appears to be restricted to 
the Old World allodapine bees (adult-larva trophal- 
laxis only), and stingless bees and honey bees 
(adult-adult trophallaxis only). Unlike honey bees, 
stingless bee workers do not lick the queen and 
seldom feed her. 

In some species each worker extensively exchanges 
liquid food with numerous nestmates of various 
castes. In those species where trophallaxis is common 
the combined crops of the adult population represent a 
communal stomach, which could function to keep 
workers informed on the nutritional status of the 
colony as a whole (Wilson, 1971). Hunt (1991) dis- 
cusses the role of trophallaxis in the social organiza- 
tion and evolution of wasp colonies, 


a HYMENOPTER 
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Hymenopteran nests, especially those containing large 
colonies, offer a concentrated food resource for a wide 
diversity of organisms ranging from large vertebrates 


(such as primates, bears and anteaters) to micro- 
organisms (e.g. fungi). Outside the Hymenoptera only 
the termites offer such a tempting target and it is 
perhaps not surprising that many groups of organisms 
have become facultative or obligatory symbionts in or 
near hymenopteran nests. Much has been written else- 
where about the associations between Hymenoptera 
and other organisms and no attempt has been made 
here to summarize most of this work. However, in this 
section we present a summary of the interspecific inter- 
actions, or symbioses (in the original, broad sense of 
the term), of nest-building Hymenoptera with other 
arthropods. For convenience, bearing in mind this is a 
book about the Hymenoptera, we have divided these 
associations into two classes: symbioses with other 
Hymenoptera; and symbioses with arthropods other 
than Hymenoptera. 

The types of symbioses in both classes range from 
mutualism to commensalism to parasitism. Parasites, 
in the broad sense, include cleptoparasites, parasites 
sensu strictu, parasitoids, and predators. In general, 
eumenine vespids, sphecids, and solitary bees have a 
similar set of symbionts (Krombein, 1967) whereas the 
symbionts associated with ants are taxonomically quite 
distinct and, at least among the non-Hymenoptera, 
generally more diverse (Hólldobler & Wilson, 1990a). 


SYMBIOSES WITH OTHER HYMENOPTERA 


The hymenopterous symbionts of solitary and primi- 
tively social nest-builders are usually parasites in the 
broadest sense, that is they are either parasitoids 
which feed on the brood, cleptoparasites which feed 
on the provisions, or nest usurpers which take over 
the nesting site. The nests of eusocial Hymenoptera 
provide not only food and a nesting site, but also a 
labour force that may be exploited by other social 
hymenopterans. Eusocial species enter into an impres- 
sively diverse array of interspecific symbioses, encom- 
passing almost every conceivable category of 
commensalism and parasitism. Thus, in addition to 
hosting parasites, eusocial hymenopterans may inter- 
act in compound nests and mixed nests (social para- 
sitism), as explained below. Interspecific mutualism 
between Hymenoptera is very rare, perhaps limited to 
cases where two aggressive species nest together, 
thereby enhancing their mutual defence. For example, 
the ‘ant trees’ of the South American tropics, where a 
single large tree contains a set of carton nests built by 


Azteca ants, may be inhabited by numerous social 
wasps and stingless bees (see Richards, 1978, p. 28). 


Parasitoids 


Like the immature stages of most holometabolous 
insects, the larvae and pupae of nest-building 
Hymenoptera are subject to attack by a variety of 
hymenopteran parasitoids (Table 2.5). Very occasion- 
ally adults too are parasitized, and in the case of some 
parasitoids of ants it is not clear whether immature or 
adult ants are attacked. 

There are at least three different evolutionary path- 
ways whereby parasitoids have adapted to exploiting 
various nest-building Hymenoptera. First, the associ- 
ation of a parasitoid with solitary nest-building 
hymenopteran hosts has often arisen among groups 
of idiobiont pupal/prepupal parasitoids that primitively 
attack hosts tunnelling in stems or wood. In these 
cases parasitoids initially probably have exploited 
aculeates nesting in these tunnels, and a few have 
radiated to exploit aculeates nesting in other situ- 
ations (Gauld, 1983, 1988c). Examples of this 
pathway include all labenine and most cryptine and 
pimpline Ichneumonidae, Megalyridae, Torymidae and 
perhaps also doryctine Braconidae, Chalcididae, 
Eurytomidae and Leucospidae. 

A second evolutionary route has primarily devel- 
oped with nest-building species that practice progres- 
sive provisioning. This involves parasitoids, such as 
Trigonalyidae, Eucharitidae and Perilampidae, that 
produce large numbers of minute eggs typically 
deposited on vegetation. These eggs eclose to produce 
larvae which are, by some means, transported back to 
the host’s nest where they attack the aculeate larvae. 

A third possible route has involved eusocial species 
being attacked by parasitoids that were perhaps 
already adapted to entering nests to attack non- 
hymenopterous symbionts. In this case it is envisaged 
that a host shift has occurred, from the parasitoid 
attacking this commensal in the nest, to attacking the 
Hymenoptera themselves. Such an evolutionary route 
may well have occurred in the Diapriidae, which prob- 
ably primitively attacked the larvae and pupae of com- 
mensal Diptera. Some of the smaller chalcidoids may 
also have developed an association with nests in a 
similar way. 

Very little is known about the biology of parasitoids 
in tropical hymenopterous nests, but in the case of 
species attacking very large nests there might well be 


Parasitoid 


BETHYLIDAE 
Pristocerinae 
Pseudisobrachium? 
Bethylinae 
Parasierola? 


BRACONIDAE 
Doryctinae 
Heterospilus microstigmi 
Euphorinae 
Syntretus sp. 
Neoneurinae 


DIAPRIIDAE 
Diapriinae 
Gymnopria sp. 
Caecopria, Labidopria, 
Mimopria, Xanthopria spp. 


CHALCIDIDAE 
Chalcidinae 
Brachymeria spp. 


CHRYSIDIDAE 
Chrysidinae 


ELASMIDAE 
Elasmus spp. 


ENCYRTIDAE 
Coelopencyrtus spp. 


EUCHARITIDAE* 


EULOPHIDAE 
Entodontinae 
Alachua spp. 
Pediobius sp. 
Tetrastichinae 
Baryscapus spp. 
Chaenotetrastichus spp. 
Chytotetrastichus sp. 
Melittobia spp. 
Tetrastichus spp. 


EUPELMIDAE 
Eupelmus sp. 


EURYTOMIDAE 
Axima spp. 
Conaxima sp. 
Eurytoma spp. 


LEUCOSPIDAE 


Table 2.5. continued opposite. 


Host 


Formicidae [L] 


Apidae[L, P] 


Microstigmus (Sphecidae) [L, P] 


Bombus spp. (Apidae) [A] 
Formicidae [A] 


Acromyrmex (Formicidae) [L] 
Formicidae [L, P] 


Pompilidae [P] 
Trypoxylon spp. (Sphecidae) [P] 
eusocial Vespidae [P] 


solitary Vespidae, Apidae [L, P] 
eusocial Vespidae [P] 


solitary Apidae [L] 


Formicidae [L] 


Camponotus (Formicidae) [P] 
solitary Apidae 


solitary Apidae [L] 

Pompilidae 

Pompilidae 

Apidae: eusocial Vespidae [L, P] 
solitary Apidae; Pompilidae 


solitary Apidae 


Ceratina (Apidae) [P] 
Azteca spp. (Formicidae) [A] 
solitary Apoidea, Vespidae [L, P] 


solitary Apidae, Vespidae [P] 


Reference 


(Mann, 1915) 


(Rau, 1922) 


(Matthews, 1991) 


(Alford, 1968). 


(Holidobler & Wilson, 1990a) 


(Loiacono, 1987) 
(Huggert & Masner, 1983; Loiacono, 1981; 
Kistner, 1982) 


(Boucek, 1992) 
(Coville & Griswold, 1984; Bouéek, 1992) 
(Bouček, 1992) 


(see Chapter 13.2) 
(Reed & Vinson, 1979) 


(Daly et al., 1967) 
(see Chapter 11.6) 


(see chapter 11.7) 
(Krombein et al., 1979) 


(Daly et al., 1967 as Aprostocetus) 
(J. LaSalle, pers. comm.) 

(J. LaSalle, pers. comm.) 

(see Chapter 11.7) 

(J. LaSalle, pers. comm.) 


(Krombein et al., 1979) 


(Daly et al., 1967) 
(Brues, 1922) 
(Daly et al., 1967; Parker & Bohart, 1967) 


(see Chapter 11.10) 


Parasitoid 


ICHNEUMONIDAE 
Cryptinae 
Aritranis spp. 
Pachysomoides spp. 
Photocryptus sp. 
+ other Osprynchotina 


Sphecophagina! 

Toechorychus spp. 

Trachysphyrus sp. 
Labeninae 

Grotea spp. 
Neorhacodinae 
Paxylommatinae 

Hybrizon spp. 
Pimplinae 

Camptotypus genus-group? 


Ephialtes genus-group 

Neotheronia sp. 

Nomosphecia spp. 

Perithous spp. 
Poemeniinae 

Poemenia spp. 


MUTILLIDAE 


PERILAMPIDAE? 
Perilampus sp. 


PTEROMALIDAE 
Cleonyminae 
Cleonymus sp. 
Epistenia spp. 
Pteromalinae 
Dibrachys spp. 
Habitrys spp. 
Trichokaleva sp. 
TORYMIDAE 
Toryminae 


Diomorus 
Monodontomerinae 


TRIGONALYIDAE 
Various spp. 


Host 


stem-nesting aculeates [P] 
Polistes spp. (Vespidae) [P] 
Trigonopsis sp. (Sphecidae) [P] 


mud-nesting solitary Vespidae, 


Sphecidae, Pompilidae [P] 
Vespinae [P] 

Mischocyttarus (Vespidae) [P] 
eumenine Vespidae [P] 


solitary Apidae [P] 
Spilomena spp. (Sphecidae) [?L] 


Formicidae [?A] 

eusocial Vespidae [P] 

solitary Apidae, Sphecidae [P] 
solitary Apidae [P] 

social Vespidae [P] 
stem-nesting Sphecidae [P] 
stem-nesting Sphecidae [P] 
solitary Apoidea, Vespidae [P] 


solitary Apidae/Sphecidae [L] 


solitary Apidae [?P] 


stem-nesting Apoidea, Vespidae [P] 


solitary Apidae; Sphecidae [P] 
stem-nesting Apoidea [?P] 
Microstigmus spp. (Sphecidae) 


stem-nesting Apoidea [?P] 


solitary Apoidea and Vespidae [P] 


eusocial Vespidae [L] 


Reference 


(Townes, 1969a) 
(West-Eberhard, 1969; Richards, 1978) 
(Eberhard, 1974) 


(Townes, 1969a) 

(Townes, 1969a; Donovan, 1991) 
(Richards, 1978) 

(Porter, 1967) 


(Slobodchikoff, 1967) 
(Danks, 1971b) 


(Holldobler & Wilson, 1990a) 


(Keeping & Crewe, 1983; 
Brooks & Wahl, 1987) 
(Jussila & Kápylá, 1975) 
(Gauld, pers. comm.) 
(Gupta, 1962) 
(Krombein et al., 1979) 


(Fitton et al., 1988) 
(see Chapter 14.2) 


(Krombein, 1960) 


(Krombein et al., 1979 as Ptinobius) 
(Krombein, 1960; Parker €: Bohart, 1967) 


(Grissell, 1974) 


(Krombein et al., 1979) 
(Bouček, 1972b) 


(Parker €: Bohart, 1967) 
(Torchio, 1974; Krombein et al., 1979) 


(see Chapter 8.1) 


1 Although this group has not been recorded from the New World one undescribed South American species may belong here. 


2 Includes Hoplocryptus and probably also Kaltenbachia records. 
3 No New World species of this group have yet been recorded from vespid nests, but the hosts of most neotropical species 


are not known. 


* Some Old World groups tentatively placed in this family parasitize solitary bees (Michener, 1969). 
3 One Old World genus is a primary parasitoid of eumenine Vespidae. 


Table 2.5. New World hymenopteran parasitoids of nest-building Hymenoptera. A = parasitoids of adults; 

L = larval parasitoids; P = pupal (or prepupal) parasitoids. It should be noted that some of the parasitoids found 
associated with nests may not be attacking the immature stages of the nest-builder, but rather other insects that 
are associated with the nest; these are not included in the above examples. Records suffixed by a interrogation 


mark require confirmation. 


ample opportunities for several generations of a para- 
sitoid to develop in a single nest. Such behaviour is 
known to occur in the ichneumonid Sphecophaga, a 
parasitoid of vespine vespids in temperate regions. A 
winged female ichneumonid enters a vespid nest early 
in the season and oviposits through recently capped 
cells onto vespid prepupae or pupae. The ectoparasitic 
larvae develop and then spin one of three types of 
cocoon—white cocoons giving rise to brachypterous 
females; thin yellow cocoons giving rise to winged 
females in the same season; thick yellow cocoons 
giving rise to winged males and females in the follow- 
ing or subsequent seasons. Whilst the winged forms 
eventually disperse, the brachypterous females remain 
within the nest attacking other vespid prepupae or 
pupae. There may be several generations of such 
brachypters in the nest during a season (Donovan, 
1991), and these seem to be deuterotokous as they 
are capable of producing offspring making all three 
cocoon types, including males in thick yellow cocoons. 
Such reproductive behaviour is reminiscent of the 
cyclical parthenogenesis seen in many aphids 
(Godfray, 1994) and is presumably an adaptation 
allowing the parasitoid to capitalize on the abundant 
resources available. 


Cleptoparasites 


The term CLEPTOPARASITISM refers to the oviposi- 
tion by a species that does not construct a nest of its 
own, into a provisioned nest built by another (host) 
species. They are commonly called ‘cuckoo wasps’ and 
‘cuckoo bees’ because of their behavioural similarity 
to the European cuckoo (Cuculus canorus), a bird 
famed for laying its eggs in the nests of other birds. 
Rather rarely the host egg is destroyed by the adult 
cleptoparasite when she is ovipositing, but more 
usually, following eclosion from the egg, the larval 
cleptoparasite seeks out and destroys the host egg or 
young larva. After killing the host, the cleptoparasitic 
larva goes on to consume the food stored as provision 
for the host larva. Thus the provision initially stored 
by the host adult is the essential food supply for the 
cleptoparasitic larva. In the Hymenoptera, the term 
cleptoparasite is usually restricted to species that 
exploit non-eusocial nest-builders. 

It is helpful to distinguish two possible evolutionary 
origins of cleptoparasitism (Gauld & Bolton, 1988). 
Taxa that were derived from ancestors that were soli- 
tary nest-builders, whose larvae originally fed on 


nest provisions, are PRIMARY CLEPTOPARASITES 
whereas taxa derived from ancestors that were para- 
sitoids of the host larva in a nest are SECONDARY 
CLEPTOPARASITES. Appreciating these differing 
evolutionary origins help one understand differences 
in biology between various cleptoparasites. 


Primary cleptoparasites. These cleptoparasites 
have abandoned the construction of their own nests 
to appropriate the completed and provisioned nests of 
another species. The nest and provision of the host, 
rather than the host egg or larva, has always been the 
primary objective of these cleptoparasites. The clep- 
toparasite’s ancestral behaviour was essentially similar 
to that of the host and the elimination of the host off- 
spring is a novel but incidental behaviour. The evolu- 
tionary pathway to primary cleptoparasitism may 
have involved initially intraspecific cleptoparasitism 
(see below). Primary cleptoparasites usually attack the 
nests of closely related species, always members of the 
same family and often members of the same subfamily. 
This type of cleptoparasitism has arisen several times 
in the Pompilidae where, for example, Irenangelus 
oviposits in the nests of Auplopus (see Chapter 14.3); in 
the Sphecidae where, for example, Zanysson attacks 
Tachytes (see Chapter 17); and in the Apidae where, 
for example, species of Exarete are cleptoparasites of 
Eulaema (see Chapter 18). 


Secondary cleptoparasites. Here the provision of 
the host is a derived secondary objective and the con- 
sumption of the host offspring is ancestral behaviour. 
For example, in the ichneumonid subfamily Labeninae 
the ancestral behaviour is attacking endopterygote 
pupae or prepupae, but members of one Australian 
genus, Labium, develop as typical cleptoparasites of 
bees (Gauld, 1983, 1984). Secondary cleptoparasites 
attack nests of unrelated species, nearly always 
members of a different family. Examples of secondary 
cleptoparasites include some Chrysididae (in nests of 
eumenine vespids, sphecids, and solitary bees), all 
Sapygidae (in nests of solitary bees), and all 
Gasteruptiidae (in nests of solitary bees). Some of these 
parasitoids initially feed on the larval hymenopteran 
and complete their development on the provisions in 
the nest, thus illustrating how the transition from 
parasitoid to cleptoparasite may have occurred. 
Cleptoparasitic interactions not only occur between 
different species, they often occur between individuals 


of a single species. Intraspecific food cleptoparasitism is 
common in both solitary wasps nesting in aggrega- 
tions and in primitively social (communal and paraso- 
cial) wasps. Indeed, it appears to occur in most such 
species that have been carefully observed for extended 
periods including: Auplopus (Wcislo et al., 1988); 
Bembix (Evans, 1966b); Clypeadon (Alexander, 1986); 
Trigonopsis (Eberhard, 1972); Zethus (West-Eberhard, 
1987) and various solitary wasps (Yoshikawa, 1962). 
The ‘joint provisioning’ of the same cell in some 
species, such as Cerceris cribosa (Elliott & Elliott, 1987), 
Sphex ichneumonius (Brockmann, 1985) and 
Trypoxylon politum (Brockmann, 1980), may be 
regarded as a kind of cleptoparasitic race between 
conspecifics. 


Although the concept of cleptoparasitism is 
generally applied only to nest-building aculeate 
Hymenoptera a similar type of interspecific associa- 
tion exists in some non-aculeates. Parasitoids that 
require the presence of another parasitoid before they 
can successfully utilize a host can also be considered 
cleptoparasites (see Chapter 2.5). Such a form of 
cleptoparasitism is, however, generally termed inter- 
specific superparasitism. But all cleptoparasitism can 
be considered to be interspecific superparasitism if the 
nest provision is seen to be analogous to a para- 
sitoid’s ‘host’. Furthermore, inquilines in galls can 
also be considered to be cleptoparasites, as they 
cannot elicit gall formation on their own and are 
dependent upon the gall tissue (= host or provision) 
provided by another species (see Chapter 2.3). The 
siricid Xeris spectrum, feeds as a larva on wood inocu- 
lated with a fungus, but unlike other siricines it does 
not itself transmit this fungus (Viitasaari, 1984). 
Thus it too may be considered a cleptoparasite as it 
can only develop in timber inoculated by other 
siricines which have previously oviposited in the 
wood. Here we suggest that diverse interspecific inter- 
actions between hymenopterans can be considered to 
be cleptoparasitism or a form of interspecific super- 
parasitism. The evolutionary distinction outlined 
above between primary and secondary cleptopara- 
sitism is equally applicable in all these examples. In 
all cases of cleptoparasitism in this broad sense, 
mixed broods may occur (i.e. the hymenopteran pro- 
viding the resource survives), which is commensalism 
rather than parasitism. This is far more common in 
galls and siricines, where the food resource continues 


to grow. 


Nest usurpation and supersedure 


Nest-building Hymenoptera are often limited by avail- 
ability of nest sites, which often results in intra- and 
interspecific competition (Krombein, 1967). In nest 
USURPATION a female hymenopteran forcefully evicts 
another female hymenopteran (of the same or differ- 
ent species), and the usurping female then uses the 
nest to rear her own offspring. In hollow twigs it is 
not uncommon to find a series of cells that have been 
built and provisioned by different hymenopteran 
species, which is termed SUPERSEDURE and may or 
may not involve competition (the original female may 
have died). For example, in the Caribbean lowlands of 
Costa Rica, artificial nests were sometimes concur- 
rently occupied by a leaf-cutter bee, the sphecid 
Trypoxylon superbum, and the sphecid Podium rufipes 
(Coville € Griswold, 1984). 


Compound nests 


The diverse interspecific associations known to exist 
between species of eusocial Hymenoptera can be 
divided into two broad categories. In COMPOUND 
NESTS two or more species live very close to each 
other, but keep their broods separated. In MIXED 
NESTS the broods of the two species are mingled and 
reared together. In both cases one of the component 
species usually gains at the expense of the other. The 
diversity and complexity of interspecific associations is 
especially pronounced in ants (Hólldobler & Wilson, 
1990a) and some of these are difficult to categorize. 
For example, in Panama, Zacryptocerus maculatus uses 
pheromone trails of Azteca maculatus but nests sep- 
arately (Adams, 1990). 

Compound nests are very common in ants and 
range from an accidental association through to total 
parasitism. The following are the types of associations 
that are commonly recognized: 


PLESIOBIOSIS. A rudimentary association in which 
two species merely nest very close together, but 
engage in little or no communication. 


CLEPTOBIOSIS. An association between a small 
(cleptobiotic) species and a much larger species in 
which the former feeds on the food stores or refuse 
of the larger, or steals food from foragers of the 
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larger species as they return home. In Nicaragua, 
Ectatomma ruidum has been observed using foraging 
trails of Pheidole radoszkowskii and other ants, and 
robbing ants that were returning to their nests with 
provisions (Perfecto € Vandermeer, 1993). A 
slightly different type of cleptobiosis occurs in sting- 
less bees belonging to the genus Lestrimelitta 
(Sakagami, Roubik & Zucchi, in press). L. limao robs 
food and nest material by raiding nests of other 
stingless bees. Occasionally this species usurps the 
nest for its own. 


LESTOBIOSIS. An association between a smaller 
and a larger species, in which the smaller (lesto- 
biotic) species nests next to or within the walls of 
the nest of the larger species, and enters that nest 
to prey on the brood therein. 


PARABIOSIS. Two species utilize the same nest (but 
with separate brood chambers) and sometimes the 
same odour trails, although foraging is usually 
independent in each species and acquired food is 
not generally shared between the species. The co- 
occurrence of two ant species is quite common in 
Costa Rica, but in most cases the exact nature of 
the relationship remains unknown, and is often ten- 
tatively categorized as parabiosis. Examples from the 
Neotropics include species of the Camponotus abdom- 
inalis complex, which nest with species of the Azteca 
instabilis complex, and species of the Crematogaster 
parabiotica complex, which nest with various ant 
species (e.g. Dolichoderus, Odontomachus panamensis, 
etc.) (J. Longino, pers. comm.). In Brazilian rainfor- 
est canopies a species of the Crematogaster para- 
biotica complex nests with Camponotus femoratus. 
Although Camponotus may drive Crematogaster 
away from a food source, it may provide 
Crematogaster with added protection at the nest 
(Swain, 1980; as Crematogaster limitata). 


XENOBIOSIS. One species nests within the walls or 
actually in the nest chambers of another species, 
and moves freely about the host nest. The xeno- 
biont, which is often smaller than the host, not only 
shares the nest and trails of its host but also solicits, 
and receives, liquid food from the crop of the host 
species. In Panama Megalomyrmex symmetochus live 
in the fungus gardens of Sericomyrmex amabilis, but 
since liquid food exchange is rare among fungus- 


growing ants this xenobiont apparently subsists 
exclusively on the fungus (Wheeler, 1925). 


Mixed nests and social parasitism 


The queens of some eusocial species in the families 
Formicidae, Vespidae, and Apidae have secondarily 
abandoned the usual nest founding techniques seen in 
eusocial forms and instead begin their colonies by 
taking over the already functioning nest of another, 
usually closely related, eusocial species. The aim of 
such, SOCIAL PARASITISM is not the acquisition of 
the host's brood as food but the utilization of the 
host's nest and available workers to rear at least the 
first generation of the parasite's brood. There is enor- 
mous variation in the biologies of socially parasitic 
species but two informal grades of social parasitism 
may be defined, depending upon whether the parasite 
has a worker caste or not. 

In TEMPORARY SOCIAL PARASITISM the parasite 
has a worker caste. Here the socially parasitic female 
actively invades, or is passively accepted into, an 
established nest of the host species. Once inside the 
nest the social parasite destroys the foundress host 
queen or relegates her to subsidiary status; in some 
cases the workers turn on their own queen and 
destroy her. The social parasite begins to lay eggs, 
which are reared by the host workers, and these eggs 
eventually develop into workers of the socially para- 
sitic species. These take over the running of the nest 
as the host workers gradually die off from natural 
causes. In time the nest comes to consist entirely of 
the social parasite's offspring, and continues to func- 
tion as a normal colony. 

PERMANENT SOCIAL PARASITISM or INQUILINISM 
is the final, degenerate stage in the evolution of social 
parasitism. As in temporary social parasitism a repro- 
ductive female of the parasite gains entrance to a host 
nest, usually but not always destroying or causing the 
death of the foundress host queen. In permanent social 
parasitism, however, the eggs laid by the parasite (the 
inquiline) give rise only to males and new reproductive 
females; the worker caste has been lost. 

Social parasitism appears to be less common in the 
tropics than in the temperate zone, which may be due 
to the lack of seasonality, and hence lack of host syn- 
chrony, in the tropics (Wcislo, 1987). Among 
neotropical ants permanent social parasitism has been 
reported in Crematogaster atitlanica (C. sumichrasti as 
the host) in Guatemala (Wheeler, 1936) and 


Monomorium inquilinum (M. minimum as the host) in 
Mexico (DuBois, 1986). Social parasitism is so far 
unknown in tropical social wasps. Vespula squamosa 
(Vespidae, Vespinae), which occurs from eastern 
North America to Guatemala, is an obligate social par- 
asite in the northern part of its range but is faculta- 
tively free-living in the southern United States 
(MacDonald & Matthews, 1984). Among bumblebees 
species of Psithyrus are social parasites but the genus 
extends only as far south as Guatemala. 

In a few ant species the workers of an established 
nest raid the nest of a closely related species and steal 
their pupae. The stolen pupae are taken back to the 
raider’s nest where they eventually eclose and function 
thereafter as workers or ‘slaves’ within the raider’s 
nest. This phenomenon is called slave-making, or 
DULOSIS. Freshly mated females of most slave-making 
species start a new nest by temporary social parasitism 
on a species belonging to the group which is later 
raided for slaves. Although most slave-making species 
begin new colonies by temporary social parasitism it is 
currently accepted that the phenomenon of dulosis has 
arisen from ancestral mass-provisioning behaviour in 
which the nests of other ants were the targets, or from 
territoriality, and is an evolutionary development sepa- 
rate from social parasitism (Gauld & Bolton, 1988). 


SYMBIOSES WITH OTHER ARTHROPODS 


There are relatively few summaries treating the sym- 
bioses between nest-building Hymenoptera in general 
and other arthropods (e.g. Krombein, 1967; Wilson, 
1971). This contrasts with the voluminous literature 
treating the very diverse set of symbionts ('myrme- 
cophiles’) associated with ants (Kistner, 1979, 1982; 
Wojcik, 1989; Hólldobler & Wilson, 1990a). The latter 
are usually classified by how they are treated by the 
host ants: SYNECHTHRANS (treated in a hostile 
manner) SYNOEKETES (ignored) or SYMPHILES 
(accepted by the host ants as if they were members of 
the colony). Symphiles become integrated into the ant 
society by breaking into the ants' communication and 
recognition code (Kistner, 1979). This may involve 
behavioural imitation of solicitation signals (trophal- 
laxis), tactile mimicry, acquisition of the colony odour 
via grooming the host ants, or production of pseudo- 
pheromones that mimic the 'brood pheromones' of 
their hosts. The visual resemblance between many 
myrmecophiles and ants may serve to deceive preda- 
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tors rather than the host ants (e.g. the staphylinids 
associated with army ants). The numerous groups of 
non-myrmecophiles that mimic ants (visually) have 
recently been reviewed by McIver and Stonedahl 
(1993) and are not included here. 


Mutualists 


The only arthropods showing mutualistic associations 
with solitary wasps and bees appear to be certain 
mites that feed on potentially damaging fungi in the 
nest (Cooper, 1955; Flechtmann € Camargo, 1979). 
The adult hymenopteran may possess special struc- 
tures for carrying the mites, as in some eumenine 
vespids (Krombein, 1961) andi halictine bees 
(Eickwort, 1979; McGinley, 1986). For example, all 
species of the eumenine genus Parancistrocerus have a 
complex symbiotic relationship with winterschmidtiid 
mites, each wasp having a host-specific mite. The 
hypopial stage of the mite congregates in large 
numbers in the acarinarium, a chamber at the base of 
the second metasomal tergite which is covered by the 
apex of the first tergite (Krombein, 1967). 

Mutualism with other arthropods is more common 
in the eusocial Hymenoptera, the best known exam- 
ples being ants that protect insects producing attrac- 
tive secretions. The most frequently observed of such 
interactions involve honeydew-secreting Homoptera 
(Way, 1963; Buckley, 1987). The ants usually attend 
these insects (known as TROPHOBIONTS) outside the 
nest, but in a few instances they may be brought into 
the nest. For example, a species of Myrmelachista 
maintains Dysmicoccus (Pseudococcidae) inside the 
hollowed-out stems of Ocotea (Lauraceae) (Stout, 
1979). Homoptera are tended not only by ants but 
also by stingless bees (Salt, 1929) and polistine 
vespids (Letourneau € Choe, 1987). 

The caterpillars of a variety of lycaenoid butterflies 
(Lycaenidae and Riodinidae) have a somewhat similar 
mutualistic relationship with certain ants (Hinton, 
1951; Pierce, 1987; DeVries, 1991a, b; Fiedler, 1991) 
although in a few cases this relationship is more one- 
sided as the butterfly larva completes development by 
consuming ant larvae. Myrmecophilous caterpillars 
mediate their interactions with ants by the possession 
of specialized ant organs. These are often glands pro- 
ducing chemical secretions, substances that are either 
nutritious and reward ants, or are semiochemicals 
that in some way modify the ant's behaviour. In some 
lycaenid and riodinid larvae structures are present 
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which are capable of producing acoustic signals, and 
are presumably used to ‘call’ to ants (DeVries, 1990; 
DeVries et al., 1993). Lycaenoid-ant interactions are 
often facultative and typically involve those species of 
ants (such as Pheidole, Crematogaster, Myrmica, 
Camponotus, Iridomyrmex, Tapinoma and Azteca) that 
are attracted to extrafloral nectaries and honeydew 
(DeVries, 1991a; Fiedler, 1991). Frequently one 
species of butterfly seems to be attended by different 
species of ants in different places (DeVries, 19915), 
although in some species obligate and species-specific 
interactions occur (Fiedler, 1991). In the New World 
tropics the vast majority of the lycaenids belong to the 
subtribe Eumaeiti, and myrmecophily is less well- 
developed in this group than in other large subtribes. 
Probably only about 28 percent of the species will be 
found to be myrmecophilous, and obligate myrme- 
cophily is expected to be very uncommon (Fiedler, 
1991). Riodinids, on the other hand, are predomi- 
nantly neotropical in distribution. Myrmecophily is 
known only among tropical American taxa, but even 
so it probably occurs in only about 25 percent of the 
species (DeVries, 19915). 


Commensals 


Mites are the most abundant arthropod symbionts 
present in hymenopteran nests in general. The major- 
ity of these acarines are probably commensal scav- 
engers and many are phoretic on the adult 
hymenopterans. Mites are particularly abundant in 
colonies of army ants (Rettenmeyer, 1960) but several 
taxa have also been reported from nests of bees 
(Eickwort, 1979; Roubik, 1989). Other common com- 
mensals associated with hymenopteran nests are flies 
of the family Phoridae. In Costa Rica, species of 
Megaselia, Dohrniphora, Puliciphora and Chonocephalus 
are generalized scavengers that occur in any decaying 
organic material, including that found in 
hymenopteran colonies (B.V. Brown, pers. comm.). 
Several beetles are also generalized scavengers (e.g. 
Ptiliidae), but two genera of Leiodidae (Parabystus and 
Scotocryptus) are apparently specialized scavengers in 
nests of stingless bees (Salt, 1929), and one species of 
Lathridiidae (Coluocera maderae) is a highly specialized 
scavenger in nests of the cosmopolitan ‘crazy ant’, 
Paratrechina longicornis (Kistner, 1982). 

Ants with large colonies, such as army ants and 
leaf-cutter ants, provide large quantities of debris for 
commensal scavengers. Among phorid flies, species of 


Acontistoptera, Adelopteromyia, Apterophora, Ecitomyia, 
Ecitophora, and Ecituncula are apparently restricted to 
army ant colonies (Rettenmeyer & Akre, 1968). 
Females of these obligate associates are wingless or 
brachypterous, whereas males are fully winged. 


Millipedes of the family Pyrgodesmidae (e.g. 
Calymnodesmus and Rettenmeyeria) are scavengers that 
follow army ant trails, and are tolerated, and some- 
times even carried by the ants (Rettenmeyer, 1962; 
Akre & Rettenmeyer, 1968). Several thysanurans of 
the family Nicoletiidae feed on the fluids oozing from 
booty captured by army ants (Rettenmeyer, 19635). 
Although they are capable of following army ant trails 
(Torgerson & Akre, 1969), they are not integrated into 
the colony and may be attacked by the army ants. 

Scavengers specifically associated with leaf-cutter 
ants include several groups of beetles, such as 
Cerylonidae (Lapethus), Histeridae (various taxa), and 
Scarabaeidae (Aphodiinae: Euparixia and Lomanoxia). 
Larvae of various flies are also probably scavengers of 
detritus in nests of leaf-cutters, for example Milichiidae 
(Pholeomyia), Fanniidae, and Mydidae (Mydas). Nine 
species of Collembola (family Cyphoderidae) were 
found in an Atta nest in Guatemala (Ellis, 1967) while 
other Central American members of this family are 
scavengers in nests of stingless bees (Mari Mutt, 1977). 

In addition to scavengers, commensals also include 
organisms that occupy nests of aggressive 
hymenopterans in order to gain protection. For 
example, the katydid, Ancistrocercus inficitus, roosts 
near the nests of at least five polistine vespid nests, 
which apparently affords protection against predators 
(Downhower & Wilson, 1973). 


Cleptoparasites 


Cleptoparasites of solitary Hymenoptera include flies of 
the families Phoridae and Sarcophagidae, and beetles 
of the family Meloidae. Phalacrotophora halictorum 
(Phoridae) is found throughout the New World, and in 
Costa Rica the larvae are reported to be cleptoparasitic 
in the nests of the halictine bees Agapostemon nasutus 
(Eickwort € Eickwort, 1969) and Dialictus umbripennis 
(Eickwort & Eickwort, 1971), although other authors 
record this phorid species as a parasitoid. The larvae of 
Melittophora salti are found within sealed pupal cells of 
stingless bees and apparently share the food provided 
for the bee brood, with no deleterious effects on the 
host (Salt, 1929). In the Sarcophagidae most species 
of Miltogrammini are cleptoparasites of solitary, 
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ground-nesting Hymenoptera, and the presence of these 
flies usually results in the death of the host larva. In 
many cases the female fly larviposits in the burrow 
entrance but some (‘satellite flies’) may larviposit 
directly on the provision while the female wasp is enter- 
ing the nest. Several genera of Meloidae attack solitary 
bees, the female beetle ovipositing near the nest 
entrance, or on flowers (in which case the larvae attach 
to adult bees in order to gain access to the nest). 
Examples from Central America include Cissites macul- 
tata on Xylocopa frontalis (Hurd, 1978b), Meleotyphlus 
spp. on orchid bees (Dodson, 1966), and Tetraonyx cya- 
nipennis on Crawfordapis luctuosa (Roubik & Michener, 
1984). 

Cleptoparasites of ants include various taxa that 
steal food being exchanged between workers. Carabid 
beetles of the genus Helluomorphoides run about in 
raiding columns of army ants, causing the latter to 
drop their prey (Plsek et al., 1969; Topoff, 1969). 
Cleptoparasites of leaf-cutter ants feed on the fungal 
gardens or the leaf material brought into the nest as 
substrate for the fungus. These include larvae of 
Alleculidae (Lobopoda), Scarabaeidae (Dynastinae: 
Coelosis), Tineidae (Atticonviva), and apparently several 
taxa of cockroaches (Attaphilidae, Atticolidae and 
Nothoblattidae). Cockroaches of the genus Attaphila 
have highly developed arolia on their tarsi that enable 
females to remain attached to queen ants during 
swarming (Kistner, 1982). 

Fly larvae of the family Braulidae (introduced into 
Costa Rica) feed on pollen in nests of honey-bees 
(Knutson, 1978); the highly modified adult flies cling 
to adult bees and feed on liquids entering the mouth of 
the bee. A few cleptoparasites may actually feed on the 
nest itself. The greater wax moth, Galleria mellonella 
(Pyralidae), is a cosmopolitan pest of honey-bee hives 
(Williams, 1978) whose larvae feed on wax and pollen. 
Tinea carniella (Tineidae) feeds on the paper nests of 
Polistes (Vespidae) (Nelson, 1968). 


Parasites 

Arthropod parasites of aculeate Hymenoptera include 
both ecto- and endoparasites. Certain mites belonging 
to the families Machrochelidae, Neoparasitidae, and 
Pyemotidae are ectoparasites on adult and larval army 
ants (Eciton spp.) (Rettenmeyer, 1960, 1962). Varroa 
jacobsoni (Varroidae) is an ectoparasite that feeds on 
the blood of honey-bee larvae, pupae and sometimes 
adults, and is a serious pest of honey-bees in many 


parts of the world, including Mexico and South 
America, but not yet in Costa Rica (DeJong et al., 
1982; W. Ramirez, pers. comm.). Roubik (1989) pro- 
vides a table of probable mite parasites of bees in 
general. Very few mites have adapted to an endopara- 
sitic habitat in invertebrate hosts, one of the few exam- 
ples being Acarapis woodi (Tarsonemidae), which 
invades the tracheal system of honey-bees and may 
eventually cause suffocation. This honey-bee pest 
occurs throughout the Neotropics, and it may have 
arrived in Costa Rica with the Africanized honey-bee 
(Otis et al., 1988). 

The only other arthropod endoparasites of aculeate 
Hymenoptera are Strepsiptera. All members of the sub- 
order occurring in the Neotropics, the Stylopidia, are 
extraordinarily sexually dimorphic (Kathirithamby, 
1989, 1992). The male is winged, with antennae and 
well-developed eyes, whereas the female is larviform 
and never completely emerges from the host. Males 
mate with a female that has partially extruded between 
the sclerites of its host. The mated female releases thou- 
sands of minute larval triungulins into the host’s 
haemocoel and these are eventually expelled. They wait 
on vegetation or in nests until a new host is encoun- 
tered, which they penetrate. Once in the host the triun- 
gulin moults to an apodous second instar larva, which 
feeds by filtering blood from its host. The fully grown 
larva of the male partially extrudes and then pupates 
within a tanned puparium. It emerges from this and 
flies off, leaving a gaping orifice in the protruding 
puparium. In Costa Rica it is not uncommon to find 
vespids with several protruding empty puparia, and 
occasionally extruding females. Two of the nine strep- 
sipteran families, Myrmecolacidae and Stylopidae, 
include species that attack Hymenoptera 
(Kathirithamby, 1992). Myrmecolacids have different 
host groups for each sex; males parasitize ants whereas 
females parasitize Mantodea and Orthoptera. In 
Stylopidae both sexes parasitize Hymenoptera. Known 
generic host records of neotropical strepsipterans are 
given in Table 2.5. 

Specific host records for species occurring in Central 
America include  Pseudoxenos huastecae from 
Montezumia huasteca (Vespidae: Eumeninae) and Xenos 
araujoi from Apoica pallens (Vespidae: Polistinae) 
(Kathirithamby, 1992). In the seasonally dry forests in 
Santa Rosa National Park, where vespids have been 
collected systematically for several years, patterns of 
parasitism are apparent. Towards the end of the wet 
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season, large numbers of Mischocyttarus angulatus 
workers have been found to be parasitized by a species 
of Xenos (Fig. 2.11), and parasitism rates can reach 
almost 100 percent in some localities (Gauld, 
unpubl.). Xenos species have also been found, at a 
very much lower frequency, on Polistes canadensis (Fig. 
2.10) and P. pacificus. Other very common large 
vespids at the site, notably Agelaia myrmecophila, A. 
areata and Synoeca septentrionalis, have not been found 
to be parasitized. 


Parasitoids 


At least one family of Coleoptera and two families of 
Diptera include species that are parasitoids of larvae 
and/or pupae of nest-building Hymenoptera. Beetles of 
the family Rhipiphoridae are koinobiont parasitoids of 
larval wasps (Sphecidae and Vespidae) and bees. They 
begin their development as endoparasitoids but termi- 
nate as ectoparasitoids (Clausen, 1940b). Examples 
from the Neotropics include Macrosiagon lineare, reared 
from the sphecid Trigonopsis cameronii (Eberhard, 
1974), Macrosiagon sp. reared from the: bee 
Exomalopsis (Raw, 1977) and Rhipiphorus sp. from the 
bee Augochlora nominata (Eickwort €  Eickwort, 
Ova): 


AN 


Figs 2.10-2.11. Scanning electron photomicrographs of female strepsipterans (Xenos spp.) extruding between metasomal ter- 
gites of: 2.10, Polistes canadensis; 2.11, Mischocyttarus angulatus. 


Flies of the family Bombyliidae include a few clep- 
toparasites but most are probably ectoparasitoids 
(apparently koinobionts) of larvae and pupae of soli- 
tary Hymenoptera, including even Tiphiidae. Several 
bombyliids oviposit into the nest entrance of their 
host while in flight. In Costa Rica Anthrax cintalapa 
and Mesoplia rufipes have been reared from the 
anthophorine bee Centris inermis (Coville et al., 1983). 
The phorid Phalacrotophora halictorum, although 
sometimes recorded as a cleptoparasite, is also 
reported to be a parasitoid of the larvae of various 
solitary bees (Wcislo, 1990). Other species of 
Phalacrotophora are known to parasitize the larvae of 
Sphecidae (Coville & Griswold, 1983, 1984). The 
widespread phorid, Pseudohypocera kerteszi, is fre- 
quently found in nests of honey bees and stingless 
bees, where its larvae begin by feeding on pollen, but 
later attack the developing brood (Salt, 1929; Chaud- 
Netto, 1980). Larvae of a species of Megaselia were 
reported to feed on the brood of a polistine wasp in 
Colombia (Litte, 1981). 

Certain flies, while not strictly nest associates, are 
endoparasitoids in adult Hymenoptera, often oviposit- 
ing while the host is in flight. Several Conopidae 
attack wasps and bees, both solitary and eusocial. In 


Strepsipteran 
Myrmecolacidae 
Caenocholax 
Myrmecolax 
Stichotrema 


Host 


Formicidae: Pheidole spp. 

Formicidae: Eciton sp. 

Formicidae: Camponotus spp.; 
Pseudomyrmex sp.; 
Solenopsis sp. 


Stylopidae: Paraxeninae 
Paraxenos Sphecidae: Ammophila sp.; 
Isodontia sp.; Prionyx spp.; 


Sceliphron sp.; Sphex spp. 


Stylopidae: Stylopinae 
Halictoxenos 
Melittostylops 

Stylopidae: Xeninae 
Pseudoxenos 


Apidae: Augochloropsis spp. 
Apidae: Hesperapis spp. 


Vespidae: Eumenes sp.; 
Hypodynerus spp.; 
Monobia sp.; Montezumia 
spp.; Pachodynerus sp. 

Vespidae: Apoica sp.; Polistes 
spp.; Mischocyttarus spp.; 
Polybia spp. 


Table 2.6. The known hymenopterous hosts, in the 


Neotropics, of Strepsiptera (after Kathirithamby, 1992). 


Costa Rica Zodium americanum has been reported from 
halictine bees (Eickwort & Eickwort, 1969, 1971). 
Among Phoridae species of Melaloncha have been 
reported parasitizing adult bees: Anthophorinae in 
Guatemala (Batra & Schuster, 1977), Bombus mexi- 
canus in Costa Rica (Ramirez, 1982), Meliponinae in 
Brazil (Simoes et al., 1980), and Apis mellifera (the 
honey-bee) in various countries (e.g. Ramirez, 1984). 
A large number of phorids are endoparasitoids of 
adult ants. Apocephalus paraponerae attacks Paraponera 
clavata and is especially attracted by injured individuals 
(Brown & Feener, 1991a, b). Similarly, Rhynco- 
phoromyia  maculineura are attracted to injured 
Camponotus sericiventris and the phorid larvae develop 
in the abdomen of the ant (Brown & Feener, 1993). 
Leaf-cutting ants transporting pieces of leaves can often 
be seen with smaller ants (‘hitchhikers’) riding on top 
of the leaf—apparently in defence against a species of 
Apocephalus (Feener & Moss, 1990). Pseudaceteon spp. 
can cause a reduction in foraging by the tropical fire 
ant, Solenopsis geminata (Disney, 1991; Feener & 
Brown, 1992). Species of Menozziola are specialized par- 
asitoids of alate female Camponotus species (Brown et al., 
1991). Other phorid parasitoids of adult ants include 


species of Acanthophorides, Cremersia, Diocophora, 
Myrmosicarius and Neodohrniphora (B.V. Brown, pers. 
comm.). Species of Borgmeieriphora have structural 
modifications associated with parasitism and are found 
associated with ants, but have not been shown to para- 
sitize the ants themselves (Brown, 1993). 


Predators 


Certain beetles associated with ant nests are predators 
of ant larvae, and in some cases these beetles are toler- 
ated by the host ants or even integrated into the 
colony. Examples include Carabidae (the subfamily 
Paussinae, which is completely myrmecophilous), 
Staphylinidae (especially in nests of leafcutter ants), 
Pselaphidae (all species of Clavigerinae appear to be 
myrmecophilous; Park, 1964), Histeridae, and perhaps 
a few Scarabaeidae (the genus Canthon may be preda- 
tory in Atta colonies). In Histeridae the neotropical 
tribe Hetaeriomorphini (subfamily Hetaeriinae) is pri- 
marily associated with army ants, feeding on their 
brood and booty; Euxenister caroli for example is a 
specific associate of the army ant Eciton burchelli (Akre, 
1968; Torgerson & Akre, 1970). Syrphid flies of the 
subfamily Microdoninae have slug-like larvae that may 
feed on the detritus in ant nests or on ant larvae 
(Hólldobler & Wilson, 1990a); in Costa Rica the 
Microdoninae include four genera (C. Thompson, pers. 
comm.): Argentinomyia, Microdon, Mixogaster and 
Paramicrodon. Crickets belonging to the cosmopolitan 
genus Myrmecophila (Gryllidae: Myrmecophilinae) are 
predators of ant eggs and snatch food being exchanged 
between ants (Kistner, 1982). 

Larvae of Mantispidae (subfamily Symphrasinae) 
have occasionally been reported as brood predators 
of polistine vespids, bees aud sphecids (Richards, 
1978). Pyralid caterpillars (Chalcoela and Dicy- 
molomia) are predators of Polistes larvae (Nelson, 
1971) and are so effective that they frustrated 
attempts to establish P. annularis on some Caribbean 
islands as a biological control agent (Ballou, 1934). 
An undescribed genus of Tineidae has been reported 
to prey upon pupae of Polistes canadensis in Brazil 
(Jeanne, 1979b). Among beetles, clerid larvae (Cyma- 
todera; Linsley et al., 1980) and dermestid larvae 
(Trogoderma; Raw, 1984) are recorded as predators of 
solitary bee larvae. 

Other predators capture adult hymenopterans at 
the nest entrance or on ant trails. Among assassin 
bugs (Reduviidae), for example, Acanthaspis concinnula 


88 2 The biology of Hymenoptera — 


preys on the ant Solenopsis geminata, camouflaging Tetradonia marginalis, follows army ants (Eciton spp.) 
itself by placing dead ants on its back (Kistner, 1982), and preys on stragglers at the end of the column 
and Apiomerus pictipes preys on stingless bees (Akre € Rettenmeyer, 1966; Hólldobler € Wilson, 
(Johnson, 1983). The aleocharine staphylinid, 19904). 


Paul . Hanson 


INTRODUCTION 


From the human perspective, no other group of 
insects contains so many beneficial species as the 
order Hymenoptera. The majority of hymenopterans 
have larval stages that are carnivorous on other 
insects and numerous species are vital in controlling 
the populations of pest insects. Among the non- 
carnivorous members of the order, bees constitute the 
single most important group of plant pollinators. One 
species of bee, the honey-bee, is the most prevalent 
domesticated insect and provides us with honey, wax, 
and other products. On the other hand, the order 
Hymenoptera also contains some very serious pest 
species. Leaf-cutting ants are among the most damag- 
ing agricultural pests in the Neotropics. Many ants, 
wasps, and bees are capable of inflicting painful stings, 
and in persons who develop a hypersensitive reaction 
to the venom, a sting can be fatal. 

The economically important Hymenoptera of the 
New World tropics include both native and introduced 
species. The latter category includes species that were 
deliberately introduced (the honey-bee and several 
parasitoids) as well as some that arrived unintention- 
ally (several household ants and a few parasitoids). 
Perhaps the most dramatic recent introduction to the 
Neotropics is a new, African race of the honey-bee, 
the ‘killer bee’. Whether the Africanized honey-bee is 
a menacing pest or a better bee for the tropics is still 
being debated, and the effect it will have on the native 
flora and fauna is only beginning to be investigated. 
Some introductions of other hymenopterans are 
known to have a devastating impact on the native 
fauna, such as the accidental introduction of the ant, 
Wasmannia auropunctata, to the Galapagos (Clark et al., 
1982; Lubin, 1984). On the other hand, the introduc- 
tion of certain parasitoids for the biological control of 
pest insects has resulted in savings of millions of 
dollars (Jutsum, 1988). Whether these introduced par- 
asitoids can occasionally have unintended, negative 


impacts has received relatively little attention until 
recently (Howarth, 1991; Bennett, 1993). 

Just as the addition of exotic species can have unfore- 
seen consequences, so too the subtraction of native 
species through extinction may result in incalculable 
economic losses. The Brazil nut, for example, is polli- 
nated by native orchid bees, which depend upon other 
pollen sources in the forest for the eleven months of the 
year when the Brazil nut tree is not in flower; the male 
bees also require epiphytic orchids as a source of sexual 
attractants. Deforestation removes alternate pollen 
sources and orchids, resulting in the loss of the pollina- 
tor, which in turn results in failure of fruit production 
in plantation-grown Brazil nuts (Prance, 1986). 
Conservation of native bee species therefore requires 
more attention in the future (Frankie et al., 1988b). In 
addition to loss of pollinators, deforestation may result 
in the extinction of potential biological control agents, 
the value of which are nearly impossible to calculate. 
The parasitic Hymenoptera may be essential in the 
functioning of natural ecosystems, yet an undetermined 
but probably significant proportion remain unknown to 
science (LaSalle & Gauld, 1991, 1993). We do not 
know at what rate we are losing species, much less the 
consequences these extinctions will have. 


3.1 PEST HYMENOPTERA 


Although a relatively small proportion of hymenopteran 
species are pests, some of these can cause substantial 
economic losses. Pestiferous species of Hymenoptera are 
treated here in four categories: crop pests, pests of 
medical importance, killer bees and household pests. 
Hymenopterans can also cause problems in unantici- 
pated ways that are difficult to categorize. For example, 
a few parasitoids (e.g. Trichogrammatidae) are pests in 
butterfly farms by interfering with efforts to rear 
butterflies. Winged Camponotus ants are sometimes 
attracted to lights on ships being loaded with bananas, 
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thus infesting the cargo and causing shipments of this 
valuable export commodity to be rejected by overseas 
quarantine officials. Similarly, the presence of Solenopsis 
geminata in candy exports from Costa Rica has resulted 
in the shipment being rejected in quarantine. 


CROP PESTS 


Some hymenopterans cause direct damage to culti- 
vated plants while others are indirectly detrimental. 
The direct pests include stem and wood-borers 
(sawflies), ordinary leaf consumers (sawflies), leaf har- 
vesters that use the leaves as substrate for fungal 
gardens (leaf-cutting ants), leaf-scrapers (stingless 
bees), gall-formers (Eurytomidae), and seed-feeders 
(Eurytomidae and Torymidae). Indirect pests include 
predators and hyperparasitoids of beneficial insects, 
ants that protect honeydew-secreting Homoptera, 
stinging hymenopterans that interfere with farm 
labour and, occasionally, bees that transmit plant 
pathogens while visiting flowers. 

The most serious hymenopteran pests of crops in 
the Neotropics are ants, particularly the leaf-cutting 
ants (Atta and Acromyrmex). Leaf-cutting ants prob- 
ably had profound effects on pre-Columbian agricul- 
ture, including that of the Mayan civilization, since 
several species are known to increase their popula- 
tions when forests are cleared for crops. When the 
Spanish settlers arrived and began to plant their intro- 
duced crops, leaf-cutting ants were among the first 
pests that they encountered. For example, in 1557 
Bartolomé de las Casas complained that ants had 
destroyed his cassia, oranges and pomegranate trees 
in Hispaniola (cited in Weber, 1972). Mariconi (1970) 
provides many similar disparaging quotations from 
early Portuguese settlers in Brazil. In his fascinating 
account of life in nineteenth century Nicaragua, 
Thomas Belt (1874) states, ‘again and again have I 
been told . . . , when inquiring why no fruit trees were 
grown at particular places—it is no use planting 
them; the ants eat them up’. 

Leaf-cutting ants take leaves from a wide variety of 
crop plants and are particularly fond of citrus, cocoa, 
coffee, cotton, maize and cassava (manioc). In many 
areas of South America citrus cultivation would be 
impossible in the absence of control measures and 
Atta cephalotes is known to kill virtually all trees in a 
citrus plantation by repeated defoliation within seven 
years of control being abandoned (Cherrett, 1989). In 


the state of Sao Paulo, Brazil, leaf-cutters reduce the 
carrying capacity of pastures by the equivalent of a 
million head of cattle, and throughout the country 
they devastate plantations of eucalyptus, pine and 
teak (Cherrett, 1986). Their huge nests may also 
cause structural damage to roads (Nogueira & 
Martinho, 1983). This scale of economic damage is in 
many respects comparable to that caused by migra- 
tory locusts in Africa, and in many Latin American 
countries laws have been enacted requiring the exter- 
mination of leaf-cutting ants. However, not all species 
of leaf-cutting ants cause economic damage, and 
indeed a few are in danger of extinction, partially as a 
result of indiscriminate applications of insecticides 
(Vander Meer et al., 1990). 

One of the most effective control measures used 
against leaf-cutting ants is insecticidal bait (Lofgren & 
Vander Meer, 1986; Vander Meer et al, 1990). 
However, the preferred insecticide, Mirex, has been 
banned in many countries because of its persistence 
in the environment, and alternatives are being sought. 
There is also a need for baits that can be made 
cheaply and simply from locally available materials, 
for local development and distribution (Robinson & 
Cherrett, 1978). Another, less substantiated, control 
measure that has been advocated is to place the leaves 
of plants containing fungicidal compounds (such as 
jackbean, Canavalia ensiformis) over the leaf-cutter nest 
(Mullenax, 1979). It has also been suggested that 
there is a possibility of biological control, using scarab 
beetles, cockroaches, phorid flies or mites (Waller & 
Moser, 1990). Azteca ants are capable of defending 
older citrus trees against attack by leaf-cutters, but 
may create other problems by protecting Homoptera 
and molesting farm labourers (Jutsum et al., 1981; 
Cherrett & Jutsum, 1983). 

The ubiquitous Central American stingless bees 
(Meliponinae) occasionally cause direct damage to 
crops such as mango, citrus, palms, rambutan and 
macadamia, by scraping young leaves and shoots with 
their mandibles in order to obtain resins that they use 
in nest construction (Wille, 1965; Camacho, 1966). 
Eucalyptus plantations, for example, are an attractive 
resin source for stingless bees (Haueisen Freire & Gara, 
1970). In some crops control of stingless bees is com- 
plicated by the fact that the bees are needed for 
pollination. 

Other direct hymenopteran crop pests in Central 
America include a few Chalcidoidea. Species of 


Bephratelloides (Eurytomidae), which feed on the seeds 
of Annona (‘guanabana’), provoke premature fruit 
drop. In addition, the emergence holes of the adult 
through the skin of the fruit provides an entrance for 
micro-organisms, and damaged fruit are readily col- 
onized by fungus, lowering their market value 
(Korytkowski & Peña, 1966; Nadel & Peña, 1991). 
Another eurytomid has been found attacking the 
seeds of vanilla, while eucharitids have sometimes 
been reported causing scars on bananas when they 
oviposit in the skin. Although these eucharitids do not 
actually damage the fruit, the scarred skin makes the 
banana less attractive to the consumer. 

Sawflies cause considerable damage in the north 
temperate region, especially on conifers (Baker, 
1972; Gauld et al., 1990), but in the Neotropics 
these hymenopterans are much less conspicuous and 
rarely cause economic damage. The natural distribu- 
tion of northern conifers (Pinaceae) reaches as far 
south as the highlands in northern Nicaragua and 
certain sawflies (e.g. Diprionidae) may occasionally 
cause damage in Belize and other parts of northern 
Central America (Wilkinson & Drooz, 1979). Since 
pines are planted in Costa Rica and elsewhere in the 
Neotropics there exists the very real possibility that a 
sawfly pest could accidentally be introduced in the 
future. Freed from their natural enemies, they could 
have devastating consequences, as has occurred 
when European sawfly species were inadvertently 
introduced into North America, Australasia, and 
most recently Chile (Baker, 1972; Neumann & 
Minko, 1981). 

Hymenopterans may also have indirect effects on 
agriculture by: 


killing natural enemies of crop pests; 
protecting homopteran pests; 

stinging and traumatizing farm labourers; 
transmitting plant pathogens. 


Those that kill natural enemies include various hyper- 
parasitoids (parasitoids of parasitoids, see Chapter 
2.5), parasitoids of useful predators (such as spiders, 
lacewings, ladybird beetles, syrphid fly larvae, etc.), 
and predators of predators (e.g. pompilids and sphe- 
cids that prey on spiders). The effects of hyperpara- 
sitoids on the performance of biological control agents 
have been documented (Bennett, 1981; Luck et al., 
1981), but the impact of hymenopterans that kill 
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beneficial predators has received less attention. 
Syrphid predators of Homoptera in particular are 
heavily parasitized by encyrtids and pteromalids in 
Central America (pers. obs.), and it is possible that 
these parasitoids limit the effectiveness of these 
predators. 

The other three categories of indirect pests include 
primarily the social Hymenoptera: ants, polistine 
vespids and stingless bees. Ants are especially well 
known for their mutualistic associations with 
Homoptera, whereby the ant receives honeydew, and 
in return, protects the aphid, mealybug, scale-insect, 
or other homopteran from predators and parasitoids 
(Way, 1963; Buckley, 1987). Although ants may 
occasionally devour some of their homopteran associ- 
ates, the population of the homopterans usually 
increases significantly under the protection of ants. 
The same species of ant that protects homopterous 
pests may also sting farm labourers. For example, 
Wasmannia auropunctata protects Homoptera on a 
range of crops (Ulloa-Chacon & Cherix, 1990) and, 
because of its potent sting, it occasionally interferes 
with the harvesting of bananas and other crops 
(J. Longino, pers. comm.). 

Another group of ants that protect Homoptera and 
sting people are the fire ants (Solenopsis, subgenus 
Solenopsis), so called because of the potent alkaloid- 
containing venom that they inject with their sting. 
Most of the species are confined to South America, but 
S. invicta was accidentally introduced into the United 
States where it is a serious pest (Lofgren & Vander 
Meer, 1986). The only fire ant present in Central 
America is S. geminata, which may harvest seeds, nip 
off young shoots, and protect Homoptera. In Costa 
Rica this fire ant, along with Pheidole species, protects 
a mealybug that is the vector for a serious virus 
disease of pineapple. In Nicaragua its nests interfere 
with farm machinery in cotton fields and its painful 
stings are a nuisance to farm workers (J.-M. Maes, 
pers. comm.). 

Although polistine wasps and stingless bees also 
protect homopterans, their economic impact is prob- 
ably less than that of ants. Polistines can of course 
interfere with farm labour, but because of their 
importance as predators, wanton destruction of their 
nests should be discouraged. Stingless bees occasion- 
ally serve as vectors of plant pathogens, such as bacte- 
rial wilt (Pseudomonas solanacearum) of bananas and 
plantain (Buddenhagen & Elsasser, 1962). 


PESTS OF MEDICAL IMPORTANCE 


Although hymenopterans are less important medically 
than certain other insects (flies, fleas, and lice), psy- 
chologically they may be more important. Most 
people’s experience with wasps is limited to a sting 
from a vespid wasp, and the resulting attitude toward 
wasps is generally one of fear and loathing (Olkowski 
& Olkowski, 1976). Vespid wasps are a particular nui- 
sance in the urban environment (Davis, 1978), and 
since the human populations of many countries are 
becoming increasingly urbanized, vespids will become 
increasingly important pests. It should be remembered 
of course that vespids are valuable predators. 

Although a few non-aculeate hymenopterans are 
capable of inflicting a painful sting (e.g. some 
Ichneumonidae such as Joppa), aculeates are respons- 
ible for the majority of stinging incidents. With their 
modified ovipositor, the sting, many aculeates are 
capable of penetrating mammalian skin and injecting 
toxic and/or pain-causing venoms (Hermann & Blum, 
1981; Piek, 1986; Schmidt, 1990). This facility is 
especially well-developed in the eusocial Hymenoptera 
and the fact that a sting from a small insect can cause 
a large mammal to retreat, demonstrates the effective- 
ness of this unique defensive weapon. 

The venoms of vespid wasps, ants, and honey-bees 
are chemically similar in some respects. For example, 
all contain hyaluronidase and phospholipase, enzymes 
that destroy the adhesive substance between cells and 
digest the cell membrane, respectively. On the other 
hand there are notable chemical differences between 
the venoms of vespids, ants, and honey-bees. Pain- 
producing peptides (kinins) are known only from 
vespids, while ant venoms are distinctive in being 
dominated by proteinaceous constituents or alkaloids 
(Escoubas & Blum, 1990), and honey-bee venom con- 
tains a protein called melittin, which is a powerful 
cytolytic agent (Dotimas & Hider, 1987). 

The venoms of some non-social wasps, such as 
Pompilidae and Mutillidae, may cause a great deal of 
pain, yet they result in very little tissue damage. On 
the other hand, the venoms from some eusocial 
hymenopterans may cause both pain and tissue 
damage such as swelling, haemorrhagic damage, gross 
metabolic dysfunction, etc. Such effects are often 
quantified by measuring the ability of the venom to 
lyse red blood cells, and according to these measure- 
ments, the most haemolytic venoms are usually 


those of vespids, certain ants (e.g. Platythyrea, 
Pseudomyrmex) and the honey-bee (Schmidt, 1990). In 
the Neotropics one of the most painful stings is that 
from the large ‘bullet ant’, Paraponera clavata. In 
Venezuela it is called the ‘24-hour ant’ from the belief 
that its sting will kill a person within one day. 
Fortunately this is usually not the case, although the 
sting can result in the most excruciating 24 hours of 
one’s life. Certain indigenous tribes in Brazil deliber- 
ately provoked stings from the bullet ant as part of 
their ceremonies initiating young boys into manhood 
(Bequaert, 1926). The venom from this notorious ant 
is proteinaceous, and has both haemolytic and neuro- 
muscular effects (Hermann & Blum, 1966; Sevcik & 
Hernandez, 1990). 

In a few cases a hymenopteran sting can cause 
death, not from tissue damage, but rather as a result 
of an extreme allergic reaction to the high molecular 
weight components of venom (Barr, 1971; Riches, 
1988). In the mildest cases an allergic reaction pro- 
duces a slight swelling and itching for a few days 
around the site of the sting. Further stings may 
produce no reaction in persons who become immune 
(desensitized). However, in other cases a person. may 
become more and more allergic (hypersensitive) with 
successive stings until the stage is reached when the 
person is so allergic that a single sting could result in 
death through acute anaphylaxis. Symptoms of a 
severe allergic response may include nausea, 
difficulties in breathing, weakness, and confusion. 
Highly susceptible persons can undergo desensitization 
treatment, which consists of repeated subcutaneous 
injections of venom, administered under medical 
supervision. In the United States it is estimated that 
up to two percent of the population are hypersensitive 
to hymenopteran stings (not all life threatening), and 
treatment costs range from $300 to $1000 per person 
per year (Schmidt, 1986). 

Some hymenopterans have lost their sting, notably 
dolichoderine and formicine ants, and stingless bees. 
Despite their inability to sting some members of these 
groups are nonetheless capable of inflicting caustic bites. 
For example, bites from stingless bees belonging to the 
genus Oxytrigona can result in long-lasting blisters. 


“KILLER BEES’ 


Few insects have attracted as much public concern as 
the so-called ‘killer bees’. Among researchers there is 


controversy surrounding the mechanism of the bee's 
rapid dispersion, the impact it is going to have, and 
what actions (if any) should be taken. Not surpris- 
ingly, this interesting and controversial bee has been 
the subject of many investigations (some of the more 
comprehensive works include: Michener, 1975; 
Needham et al., 1988; Spivak et al., 1991; Winston, 
1992a, b). 

The ‘killer bee’ is an African subspecies (Apis mellif- 
era scutellata) of the honey-bee that, in appearance, 
looks just like an ordinary honey-bee. The African 
honey-bee was deliberately introduced into Brazil in 
1956 in the hope of obtaining a honey-bee better 
adapted to tropical conditions (Kerr, 1957). Since then 
it has spread across the continent at the impressive 
rate of 300-500 kilometres per year. By 1979 it had 
reached Colombia, by 1981 Costa Rica, by 1986 
Mexico and in 1990 it entered southern Texas. Nearly 
all honey-bees one now sees in Latin America are 
‘killer bees’. Whereas the European subspecies existed 
mostly in managed colonies the new subspecies occurs 
in both apiaries and as feral populations. The phe- 
nomenal success of the African honey-bee suggests 
that it is indeed better adapted to the tropics than the 
European subspecies that was previously present. 

Although the African honey-bee is similar in 
appearance to the European honey-bee it behaves 
quite differently. Its nests are generally smaller and 
frequently more exposed; within the nest the worker 
population grows more rapidly. Reproductive swarms 
and abandonment of the nest site (absconding) occur 
more frequently. The best known characteristic of the 
African honey-bee is its more rapid arousal and the 
greater intensity with which it defends its nest; 
although it more readily stings, its venom is no differ- 
ent from that of the European honey-bee (Schumacher 
et al., 1989). All these characteristics are probably 
adaptive in tropical climates where a long dormant 
season is absent, where the nectar resources are more 
unpredictable, and where predators are more preva- 
lent. Although the African honey-bee tends to collect 
more honey under conditions of poor, dispersed 
honeyflows, it is more difficult to manage. 

As the African honey-bee spread it built up large 
feral populations and very quickly 'Africanized' 
managed colonies; in other words the direction of 
gene flow has been almost exclusively from the feral 
Africanized bees to the managed European bees, and 
not vice versa. Thus, over a very short period of time 
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the normally docile honey-bee has become more 
aggressive, increasing the number of human and live- 
stock fatalities due to bee stings. The fatalities are 
usually due not to a hypersensitive reaction, but 
rather a systemic reaction to a massive exposure of 
venom—in most people this can occur when they 
receive more than ten consecutive stings (although 
there is considerable variation from person to person). 
Between 1975 and 1988 in Venezuela there were 2.1 
human fatalities per million people per year, which 
compares to 0.08 fatalities per million people per year 
in the United States due to hypersensitive reactions to 
honey-bees (Winston, 1992b). However, the fatality 
rate due to Africanized honey-bees has usually dimin- 
ished over time, as the local human population 
learned to be more cautious when approaching 
honey-bees. 

Despite the medical importance of the Africanized 
honey-bee, the greatest economic impact of this insect 
is probably in the practice of bee keeping (see below). 
Moreover, the fact that it can survive in feral popula- 
tions means that it will probably have an impact on 
native bee populations (Roubik et al., 1986; Ramalho 
et al., 1990; Spivak et al., 1991). 


HOUSEHOLD PESTS 


Certain hymenopterans, most notably ants, can be a 
nuisance in houses. In Costa Rica the most common 
species living in human habitations are the pantropical 
‘tramp’ species: Monomorium pharaonis, Paratrechina 
longicornis, Tapinoma melanocephala, Tetramorium bicari- 
natum, and Wasmannia auropunctata (see Chapter 16). 
Only the last species is probably native to the region (J. 
Longino, pers. comm.). These omnipresent occupants 
of houses are annoying, but usually do not cause 
serious problems, except in hospitals where they may 
pose health hazards by contaminating sterile dressings 
and equipment (Edwards, 1980; Vander Meer et al., 
1990). The minute T. melanocephala is known as the 
‘hormiga loca’ or ‘crazy ant’ because of its very rapid, 
erratic movement. Although this sugar-loving species 
is an irritation in houses, it is occasionally beneficial as 
a predator of eggs of houseflies (Pimental, 1955) and 
Rhodnius prolixus (Gómez-Nuñez, 1971), the latter 
being a vector of Chagas’ disease. 

In the north temperate regions carpenter ants 
(Camponotus, subgenus Camponotus) can cause serious 
structural damage to wood. Carpenter ants sensu 
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stricto do not occur in the Neotropics, but members of 
a closely related subgenus (Tanymyrmex) are present, 
and some of these enter human habitations (J. 
Longino, pers. comm.). In Costa Rica an unidentified 
species belonging to this subgenus is common in 
buildings and, when they build their nest inside the 
casing of electronic equipment, serious damage may 
result. The nest consists of an accumulation of hair, 
pieces of dead cockroaches, paper clips and other 
debris that they scavenge from the building. In 1990 
this species destroyed over 300 facsimile machines in 
Costa Rica, causing damage totalling hundreds of 
thousands of dollars. It is apparently the same species 
of ant that has been found periodically nesting in tele- 
vision sets, video cassette recorders and other domes- 
tic electronic apparatus. In the United States the 
imported fire ant (Solenopsis invicta) is known to 
damage outdoor electrical equipment (Vinson & 
MacKay, 1990). 

Other Central American ants that are less common 
inside houses are nonetheless very common in the 
vicinity of buildings, and may be referred to as ‘patio 
pests’. These include Pheidole punctiticima and 
Solenopsis geminata (the native fire ant) (J. Longino, 
pers. comm.). The latter can be particularly annoying 
because of its painful sting. It often protects honey- 
dew-secreting homopterans on ornamental plants but 
it may also be a beneficial predator of other insect 
pests. Besides ants, patio pests also include various 
species of vespid wasps, which sometimes nest on or 
near buildings and traumatize the human occupants 
(see Chapter 15). 


* 2 | BENEFICIAL HYMENOPTERA 


In order to conserve tropical rainforests we need to 
convince the public and the decision makers of the 
economic benefits in doing so. Most of the attention 
thus far has been directed toward the potential phar- 
maceutical value of tropical plants. The myriads of 
hymenopteran species inhabiting these forests provide 
a substantial additional reason for preserving biodiver- 
sity. Like chemical compounds in plants, the complex 
venoms of Hymenoptera represent a vast and unex- 
plored source of potentially valuable natural products. 
Tropical hymenopterans could also provide extremely 
valuable biological control agents and pollinators. 


BIOLOGICAL CONTROL 


The control of pest insects in crops is big business, 
worth five billion dollars in 1985, with most of the 
money going to chemical control (Jutsum, 1988). 
Insecticides, however, pose risks to human health, 
environmental contamination, secondary outbreaks of 
previously innocuous insects, and the rapid develop- 
ment of insecticide-resistance in the pest. Since most 
Latin American countries have to import pesticides, 
their use contributes to the national debt, and when 
produce for export is rejected because of pesticide 
residues these countries incur yet another economic 
burden. 

One of the most promising alternatives to pesticides 
is BIOLOGICAL CONTROL—the use of ‘natural 
enemies’ (predators, parasitoids and microbial 
pathogens) to lower the population of the pest 
(DeBach, 1964, 1974; Huffaker & Messenger, 1976). 
Since the order Hymenoptera includes the majority of 
parasitoid species as well as many important preda- 
tors, it is arguably the single most important group of 
biological control agents for use against pest insects. 
The practice of biological control entails the manipula- 
tion of natural enemies in order to enhance their 
effectiveness in controlling the population of the pest. 
There are three ways of accomplishing this: importa- 
tion of natural enemies (‘classical biological control’), 
mass-rearing for periodic liberations in crops and con- 
servation of natural enemies through environmental 
modification. 


Hymenopterous parasitoids 


The majority of successes in classical biological control 
have been with importations of Aphelinidae, 
Encyrtidae, and Braconidae (Clausen, 1978; Luck, 
1981; Cock, 1985; Greathead, 1986; Altieri et al., 
1989). Aphelinidae and Encyrtidae have been used 
principally for the control of Homoptera—aphelinids 
for hard scale (Diaspididae) and whitefly (Aleyrodidae), 
and encyrtids for mealybugs (Pseudococcidae) and soft 
scale (Coccidae). Braconids have been most success- 
fully employed against lepidopterous pests, but also 
against certain dipterous pests such as fruit flies 
(Tephritidae). Other parasitoids that have been used 
successfully in classical biological control include 
Eulophidae, Ichneumonidae, Pteromalidae, Mymaridae, 
Scelionidae, and Platygastridae. 


The first successful classical biological control 
project in Central America was against the citrus 
blackfly, Aleurocanthus woglumi (Aleyrodidae), a native 
of Asia (DeBach, 1974; Quezada, 1986). Successful 
biological control was achieved in 1932-1933 from 


the offspring of 42 female Eretmocerus serius 
(Aphelinidae) that were sent from Asia to Cuba, and 
subsequently distributed in Panama and Costa Rica. 
The citrus blackfly invaded El Salvador around 1965 
but was brought under control by the introduction of 
Encarsia opulenta (Aphelinidae) in 1971 (Quezada, 
1974). The latter parasitoid apparently arrived unin- 
tentionally in Nicaragua, where it is now an 
important factor in reducing citrus blackfly popula- 
tions (Swezey & Cano Vasquez, 1991). Such ‘fortu- 
itous biological control’ appears to have occurred in 
the case of several scale-insect pests in Central 
America, whereby exotic aphelinid and encyrtid 
species either dispersed into the region from neigh- 
bouring countries or arrived unnoticed with their 
hosts (see Chapters 11.2 and 11.5). Alternatively, 
some of these may have been deliberately introduced 
but the introduction was never reported. 

The Mediterranean fruit fly, Ceratitis capitata 
(Tephritidae), was first reported from Costa Rica in 
1955 and shortly thereafter eight species of para- 
sitoids were introduced from Hawaii, including 
five opiine braconids, one eucoiline cynipoid, one 
chalcidid and one eulophid. Only two braconids, 
Diachasmimorpha longicaudata and Biosteres arisanus, 
and the eulophid, Aceratoneuromyia indica, became 
established (Wharton et al., 1981; Jirón € Mexzón, 
1989). Because these parasitoids were not very 
effective in controlling Mediterranean fruit fly popula- 
tions, further introductions were made from Hawaii 
and West Africa in 1981-1982 (Steck et al., 1986; 
Gilstrap & Hart, 1987), but establishment has not 
been verified. Although biological control of tephritids 
in general has been fraught with difficulties (Wharton, 
1989a), the increasing importance of export fruits 
(especially citrus and mango) in the economies of 
Latin American countries will require more work with 
tephritid parasitoids. 

Since the overall success rate of classical biological 
control is about 16 percent (Hall et al., 1980), there 
has been considerable discussion about which host 
attributes and which parasitoid attributes are most 
likely to yield success (Myers et al., 1989; Stiling, 
1990; Gross, 1991). In general, there have been more 


successes against pests that feed in relatively exposed 
locations than against concealed feeders. There has 
also been a greater success rate of parasitoids from 
temperate climates establishing in tropical regions 
than of tropical parasitoids establishing in temperate 
climates. Thus there seems to be a biological 
justification for reversing the historical flow of para- 
sitoids (and other resources) from developing countries 
to industrialized countries (Altieri, 19915). 

The second type of biological control, mass-rearing 
for periodic liberations (Ridgway € Vinson, 1977), is 
currently being used in Costa Rica against the sugar- 
cane borer Diatraea saccharalis (Lepidoptera: Pyralidae), 
using Cotesia flavipes (Braconidae). The egg parasitoid, 
Trichogramma pretiosum (Trichogrammatidae), is being 
reared in Nicaragua and elsewhere for release against a 
variety of lepidopterous pests. The bethylid, Cepha- 
lonomia stephanoderis, is being reared in various coun- 
tries in Latin America for control of the coffee berry 
borer, Hypothenemus hampei (Scolytidae) (Murphy & 
Moore, 1990). 

The third type of biological control, conservation of 
existing parasitoids (see Table 3.1), has received less 
attention despite the fact that it offers many unex- 
plored possibilities (Hagen, 1986; Powell, 1986). The 
effectiveness of existing parasitoids may be enhanced 
by eliminating unfavourable factors, such as insecti- 
cides and dust. In Costa Rica, at present, natural bio- 
logical control appears to be occurring in banana 
(Stephens, 1984), coffee (Hanson, 1992) and probably 
several other crops. This situation is likely to endure 
so long as insecticide applications are kept to a 
minimum. Dust presumably impairs parasitoid search- 
ing behaviour by masking semiochemicals used in 
host finding (see Chapter 2.5). Indirect evidence for 
this is provided by the fact that citrus mealybug 
(Planococcus citri, Pseudococcidae) and the coffee leaf 
miner (Leucoptera coffeella, Lyonetiidae) populations 
rose dramatically following the last eruption of Volcán 
Irazú, which coated the surrounding countryside with 
fine ash (Wille & Fuentes, 1975). The effectiveness of 
existing parasitoids can sometimes be enhanced by 
providing nectar sources for adult parasitoids (Mexzón 
& Chinchilla, 1991; Delvare € Genty, 1992) and 
intercropping (Altieri et al., 1978; Altieri, 1991a). 

The use of existing parasitoids against stored grain 
pests (Table 3.2) and insect pests of medical 
importance (Table 3.3) requires slightly different 
tactics. 


Cassava 


Citrus 


Cole crops 
(Crucifers) 


Cotton 


Curcurbits 
(melon, etc.) 


Macadamia 


Pest insect 


Antichloris viridis 
(Arctiidae) 
(Harrison, 1963) 


Oiketicus kirbyi 
(Psychidae) 
(Stephens, 1962) 


Acanthoscelides obtectus 
(Bruchidae) 

Apion godmani 
(Curculionidae) 

Empoasca kraemeri 
(Cicadellidae) 


Erinnyis ello 
(Sphingidae) 


Aleurocanthus woglumi 
(Aleyrodidae) 

Conuraspis beckii 
(Diaspididae) 


Leucoptera coffeella 
(Lyonetiidae) 


Planococcus citri 
(Pseudococcidae) 


Plutella xylostella 
(Plutellidae) 


(Cordero & Cave, 1992) 


Anthonomus grandis 
(Curculionidae) 


Diaphania hyalineata 
(Pyralidae) 


Antiteuchus costaricensis 
(Pentatomidae) 


Ecdytolophatorticornis 
(Tortricidae) 


Table 3.1. Continued opposite. 


Parasitoid 


Brachymeria mnestor (CHA) 
Carinodes sp. (ICH) 
Elachertus ceramidiae (EUL) 
Macrocentrus sp. (BRA) 
Meteorus laphygmae (BRA) 
Microgastrinae (BRA) 
Miotropus sp. (EUL) 
Stenomesius ceramidiae (EUL) 
Trichogramma sp. (TRI) 


Conura sp. (CHA) 
Digonogastra diversus (BRA) 
Parasierola sp. (BET) 
Various ichneumonids 


Conura fusiformis (CHA) 
Stenocorse bruchivorus (BRA) 
Triaspis azteca (BRA) 


Anagrus empoascae (MYM) 


Cotesia congregata (BRA) 
Cryptophion sp. (ICH) 
Telenomus dilophonotae (SCE) 
Trichogramma sp. (TRI) 
Encarsia opulenta (APH) 
Eretmocerus serius (APH) 
Aphytis lepidosaphes (APH) 


Cirrospilus sp. (EUL) 
Closterocerus sp. (EUL) 
Stiropius sp. (BRA) 


Zagramosoma americanum (EUL) 


Leptomastidea abnormis (ENC) 
Leptomastix dactylopii (ENC) 


Diadegma insulare (ICH) 
Pimpla punicipes (ICH) 


Catolaccus grandis (PTE) 
Urosigalphus schwarzi (BRA) 
Cardiochiles diaphaniae (BRA) 


Conura acragae (CHA) 
Glyptapanteles (BRA) 


Phanuropsis semiflaviventris (SCE) 


Telenomus sp. (SCE) 
Trissolcus radix (SCE) 


Ascogaster sp. (BRA) 
Miscogastrinae (BRA) 
Pristomerus (ICH) 


Crop Pest insect Parasitoid 


Dalbulus maidis (Cicadellidae) Gonatopus bartletti (DRY) 


Spodoptera frugiperda Aleoides laphygmae (BRA) 
(Noctuidae) Campoletis sonorensis (ICH) 
(Marenco & Saunders, 1993) Chelonus insularis (BRA) 


Cotesia marginiventris (BRA) 
Eiphosoma vitticolae (ICH) 
Glyptapanteles militaris (BRA) 
Homolobus truncator (BRA) 
Ophion flavidus (ICH) 
Pristomerus spinator (ICH) 
Temelucha sp. (ICH) 
Trichogramma sp. (TRI) 


Anastrepha obliqua Aceratoneuromyia indica (EUL) 
(Tephritidae) Doryctobracon areolatus (BRA) 
(Jirón € Mexzon, 1989) Trichopria sp. (DIA) 


Peppers Anthonomus eugenii (Curculionidae) Urosigalphus mexicanus (BRA) 


Potato Myzus persicae Diaretiella sp. (BRA) 


(Aphididae) 
Phthorimaea operculella and Agathis sp. (BRA) 
Scobipalposis solanivora Chelonus kellieae (BRA) 
(Gelechiidae) Orgilus jennieae (BRA) 
(Marsh, 1979) Pristomerus spinator (ICH) 


Rupella albinella 
(Pyralidae) 


Telenomus sp. (SCE) 


Mocis latipes Microplitis sp. (BRA) 
(Noctuidae) Rogas nigristemmaticum (BRA) 
(Cave, 1992) Scambus albitibia (ICH) 
Tricholabus lepidus (ICH) 
Tagosodes oryzicola Anagrus sp. (MYM) 
(Delphacidae) Haplogonatopus hernandezae (DRY) 


Sugar-cane Diatraea saccharallis Alabagrus stigma (BRA) 
(Pyralidae) Apanteles diatraeae (BRA) 
Digonogastra grenadensis (BRA) 
Trichogramma sp. (TRI) 


Tomato Pseudoplusia spp Copidosoma floridanum (ENC) 
(Noctuidae) Glyptapanteles sp. (BRA) 
Spodoptera latifascia (Noctuidae) Euplectrus sp. (EUL) 
S. sunia Aleiodes vaughani (BRA) 


Chelonus sp. (BRA) 


Various Liriomyza huibroidensis Chrysocharis sp. (EUL) 
(Agromyzidae) Diglyphus isaea (EUL) 

Oenonogaster sp. (BRA) 

Opius dissitus (BRA) 


Table 3.1. Parasitoids associated with agricultural pests in Central America. The host records come from personal 
observations, Castro (1993), King and Saunders (1984), and from sources that are listed under the pest species. 
Abbreviations of parasitoid families are: BET = Bethylidae, BRA = Braconidae, CHA = Chalcididae, DIA = Diapriidae, 
DRY = Dryinidae, ENC = Encyrtidae, EUL = Eulophidae, ICH = Ichneumonidae, MYM = Mymaridae, 

PTE = Pteromalidae, SCE = Scelionidae, TRI = Trichogrammatidae. 


a! 3 Economic importance of Hymenoptera | 


Pest insect 
Ephestia spp. (Pyralidae) 


Sitophilus spp. (Curculionidae) 


various Anobiidae 
Cucujidae and 
Tenebrionidae 


Parasitoid 

Bracon hebetor (Braconidae) 
Hypsicera femoralis (Ichneumonidae) 
Venturia canescens (Ichneumonidae) 


Anisopteromalus calandrae (Pteromalidae) 
Holepyris sylvanidis (Bethylidae) 
Lariophagus distinguendus (Pteromalidae) 
Thecolax elegans (Pteromalidae) 


Cephalonomia gallicola (Bethylidae) 
Holepyris sylvanidis (Bethylidae) 
Plastanoxus westwoodi (Bethylidae) 


Table 3.2. Parasitoids associated with stored grain pests in Central America 


(from Haines, 1984, and pers. obs.). 


Pest arthropod Parasitoid 


Latrodectus 
(Theridiidae) 


Eurytoma arachnovora 
(Eurytomidae) 


Musca domestica 
(Muscidae) 


Muscidifurax (Pteromalidae) 
Spalangia (Pteromalidae) 


Periplaneta americana 
(Blattidae) 


Aprostocetus hagenowi (Eulophidae) 
Evania appendigaster (Evaniidae) 


Triatoma 
(Reduviidae) 


Telenomus fariai (Scelionidae) 


Table 3.3. Parasitoids associated with medically 
important pests in Central America (LeBeck, 1991; 
Vargas & Fallas, 1974; Zeledon, 1957). 


Hymenopterous predators 


Biological control of pest insects can also be achieved 
by using predators such as ants, vespids, and sphecids. 
Because predators are usually more polyphagous than 
parasitoids it is generally not advisable to import 
exotic predators. Indeed the consequences of introduc- 
ing a foreign ant species may be devastating as illus- 
trated by the introduction of Paratrechina fulva from 
Brazil to Colombia. This ant was brought to Colombia 
to control leaf-cutting ants and snakes, but it now 
protects homopteran pests, kills chickens and displaces 
beneficial ants from coffee plantations! Its sheer 
numbers sometimes cause farms to be abandoned 
(Zenner-Polania, 1990). Only in the case of more 
monophagous predators should importations be con- 


sidered. For example, the sphecid Larra americana 
(which is actually a parasitoid), was introduced from 
South America to Puerto Rico to control mole crickets 
in sugar cane fields, where it has been quite successful 
(L. bicolor: Wolcott, 1941; Castner, 1984). 

In utilizing ants in biological control two questions 
must be addressed: which is the most desirable species 
of local ant (Table 3.4), and how can the population 
of this species be enhanced? Different ants may be 
required for different crop habitats. Thus Solenopsis 
geminata would probably be better in annual crops 
(Perfecto, 1991b), whereas Azteca species may be 
more appropriate in orchard crops. Examples of how 
populations of desirable ant species can be enhanced 
are provided by the Chinese, who have been moving 
ant nests from surrounding forests into citrus 
orchards since at least AD 304 (Groff & Howard, 
1924; Liu, 1939; Huang & Yang, 1987). Since at 
least AD 1600 the Chinese have connected orange 
trees with bamboo bridges to facilitate the movement 
of ants between trees (Huang & Yang, 1987). In 
Cuba pieces of banana stalks are inoculated with 
colonies of the ants, Pheidole megacephala, which are 
fed with table scraps until all life stages are present in 
the colonies. These are then distributed in sweet potato 
fields, resulting in dramatic reduction of the sweet 
potato weevil (Cylas formicarius) populations (Levins, 
1989). Other possible means of enhancing the popula- 
tion of a desirable ant species include suppressing 
competing ant species, maintaining strips of bare soil 
to favour open-habitat species, providing a diversity of 
plants to favour more closed-habitat species, and 


providing natural or artificial nectar sources in order 
to control spatial and temporal foraging patterns. 
Further suggestions and considerations on the manip- 
ulation of ants are provided by Lee et al. (1990), and 
Way and Khoo (1992), 

There has also been some discussion of managing 
vespid wasps for purposes of biological control 
(Gillaspy, 1979, 1982, 1986). The most important 
predators of the cassava hornworm, Erinnyis ello 
(Sphingidae), in Colombia are said to be Polistes 
canadensis and P. erythrocephalis (Bellotti & 
Schoonhoven, 1978). Polistes peruviana and P. versi- 
color are thought to be important predators of the 
coffee leaf miner (Leucoptera coffeella, Lyonetiidae) in 
Peru (Enriquez et al., 1976). In Honduras some 
farmers move polistine nests (at night and with much 
care) from the surrounding mountains into agricul- 
tural areas in order to contro] various pests (R. Cave, 
pers. comm.). There have been several attempts to 
manage Polistes wasps in order to control caterpillars 
on tobacco, both in Colombia (Gallego, 1950) and in 
the United States (Rabb, 1960). Nonetheless, observa- 
tions in Colombia suggest that Polistes populations 
may be vulnerable to parasitoids and/or pathogens, 
and initially high populations tend to crash after a few 
years (W. Eberhard, pers. comm.). 


Aculeate species Pest attacked 
FORMICIDAE 
Ectatomma ruidum 
Ectatomma tuberculatum 
Monomorium ebeninum 
Pheidole radowszkoskii 
Pheidole sp. 
Solenopsis geminata 


Wasmannia auropunctata 
VESPIDAE 


Agelaia areata 
Polistes spp. 


Polybia spp. 


Spodoptera frugiperda (Lepidoptera) 
Anthonomus grandis (Curculionidae) 
Heteropsylla cubana on Leucaena 
Spodoptera frugiperda (Lepidoptera) 
Eggs of Diabrotica (Chrysomelidae) 
Eggs and small larvae of Castnia licus 
(Castniidae) in sugarcane 
Eggs of Diabrotica (Chrysomelidae) 
Various insects in maize and squash 
Heteropsylla cubana on Leucaena 


Larvae of Estigmene acrea, S. frugiperda (Noctuidae) 

Larvae of Pseudoplusia includens, Spodoptera exigua 
S. frugiperda (Noctuidae); Diaphania nitidalis 
(Pyralidae); Erinnyis ello, Manduca sexta 
(Sphingidae) 

Larvae of Estigmene acrea, S. frugiperda 
(Noctuidae); Erinnyis ello (Sphingidae) 


“3.2. Beneficial Hymenoptera = 


Unlike ants and vespids, sphecid wasps have 
received little attention with respect to their potential 
use in biological control, despite the availability of lit- 
erature on how to construct artificial nest sites 
(Krombein, 1967). As a family the sphecids prey on a 
wide variety of insects but individual species tend to 
be quite specialized predators, which suggests that 
there are many possibilities for using them in biologi- 
cal control. 


POLLINATION 


A very significant proportion of the human diet is 
derived directly or indirectly from plants that are polli- 
nated by bees (Free, 1970). No figures are available 
for Central America but in the United States the total 
annual value of crops grown with the aid of bee polli- 
nation is estimated to be 19 billion dollars (Levin, 
1983). The best known and most widespread pollina- 
tor of crop plants is the honey-bee, whose value as a 
pollinator far surpasses its value as a honey producer. 
Honey-bee hives are often moved into crops for the 
purpose of increasing yields, especially in large fields 
where flowering occurs for only a short period (Jay, 
1986). Although this practice of moving honey-bee 
hives into crops is less common in neotropical coun- 


Reference 


Perfecto, 1990, 1991a 
Cook, 1904 

D. Hollis (pers. comm.) 
Perfecto, 1990, 1991a 
Risch, 1981 

Esquival, 1983 


Risch, 1981 


Risch & Caroll, 1982 
D. Hollis (pers. comm.) 


King & Saunders, 1984 
King & Saunders, 1984 


King & Saunders, 1984 


Table 3.4. Records of social aculeates preying on pest insects in Central America. 
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tries than in North America, many important neot- 
ropical crops are pollinated by honey-bees and pre- 
sumably yields could be increased by their presence. 
Examples include avocado, citrus, coconut, coffee, 
cotton, cucumber, macadamia, mango, melon, 
papaya, squash and strawberry (Crane, 1990). 
Virtually all honey-bees in the Neotropics have 
recently become Africanized (transformed into 'killer 
bees'; see above), thus complicating the management 
of honey-bees for controlled pollination. They can still 
be used to pollinate crops but are probably best suited 
to situations where the hives do not have to be moved 
frequently, and where they can be relatively isolated 
from people and livestock. Feral colonies are of course 
probably providing a certain amount of unmanaged 
pollination. 

Despite the preponderance of attention devoted to 
honey-bees, their effectiveness as pollinators has prob- 
ably been overrated (Westerkamp, 1991), and this has 
tended to mask the importance of native bees 
(O'Toole, 1993). Among neotropical bees, the highly 
eusocial stingless bees are probably one of the more 
important groups of native pollinators. They are 
known to be important pollinators of many native tree 
species (Ramalho et al., 1989, 1990) as well as crops 
such as avocado, cassava, chayote, coconut, papaya 
and several others (Wille et al., 1983). It is quite likely 
that if stingless bees are to be used as pollinators of 
tree crops, special nest sites will have to be provided 
(Johnson & Hubbell, 1984). Among solitary bees, the 
squash bees (Peponapis and Xenoglossa) are specialized 
pollinators of squash, pumpkins, gourds and other 
Cucurbitaceae (Michelbacker et al., 1971). In Costa 
Rica several native bees are important pollinators of 
guava (Hedstróm, 1988). In general, however, the 
role of native bees as pollinators of neotropical crops 
has received very little attention. In the north temper- 
ate zone several species have been managed for crop 
pollination but in the Neotropics this has been less 
common, one of the few examples being Xylocopa in 
the Caribbean (Corbet & Willmer, 1980). 


COMMERCIAL PRODUCTS 


Indigenous peoples of the Neotropics have utilized 
several hymenopterans directly as food, especially 
some of the eusocial species where a concentrated 
source of protein can be harvested from the nest. 
Among the Yukpa Indians of Venezuela and Colombia 
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more hymenopterans are consumed than any other 
order of insects; hymenopteran dishes include the 
abdomens from the queens of leaf-cutting ants, the 
larvae of certain vespids, and the larvae of stingless 
bees (Ruddler, 1973). Indigenous cultures also used 
hymenopterans in other ways. The venom of the ant, 
Paraponera clavata, was used in preparing curare 
(Martinez & Vela-Diaz, 1953), and army ant mandibles 
were used as sutures for wounds, by letting a live ant 
bite with one mandible on each side of the incision and 
then removing the body (Gudger, 1925; Gotwald, 
1982). 

Since neither honey-bees nor sugarcane were 
present in the New World until they were introduced 
by Europeans, honey obtained from native 
hymenopterans represented virtually the only source 
of sugar. Native honey-producing hymenopterans 
include  stingless bees and certain vespids 
(Brachygastra spp. and Polybia scutellaris). The honey 
of stingless bees is generally more acidic and contains 
more water than that of the honey-bee; in some 
species the honey is toxic and therefore indigenous 
cultures acquired detailed knowledge of the local 
species. The Mayan culture, which influenced the 
region extending from southern Mexico to northwest- 
ern Costa Rica, developed beekeeping with the sting- 
less bee, Melipona beecheii. The bees were kept in hives, 
which consisted of a horizontal, hollow log, closed at 
each end with a disc of wood or soft stone (Weaver & 
Weaver, 1981; Kent, 1984; Crane & Graham, 1985). 
Inhabitants of the Azuero Peninsula of northern 
Panama employ dried gourds for culturing six species 
of stingless bees (Bennett, 1965). In various neotropi- 
cal countries, including Costa Rica and especially 
Brazil, new approaches to beekeeping with stingless 
bees are being utilized in order to facilitate the harvest 
and minimize destruction of the nest (Nogueira-Neto, 
1970b). Besides providing a source of sugar in the diet 
the honey of stingless bees has been used as a medici- 
nal for various ailments (Schwarz, 1948). 

The single most commercially important 
hymenopteran in Central America, and worldwide, is 
the honey-bee. Honey-bees belong to the genus Apis, 
which comprises three species in tropical Asia, and 
A. mellifera, which is native to Africa and Europe. It 
is the latter species that is commonly managed in api- 
aries, and more specifically, it is the Italian race that 
has been transported throughout the world. The total 
recorded world honey production is nearly a million 


tonnes a year, the largest producers being China, the 
United States, and Mexico; the latter is the largest 
exporter of honey. Among the seven Central 
American countries, El Salvador and Guatemala are 
the largest producers (Crane, 1990). 

Honey consists mostly of fructose (about 40 
percent), glucose (35 percent), and water (15 percent). 
The low water content allows honey to be stored for a 
long time without spoilage. Besides providing a source 
of sugar honey has many other uses, some of which 
are probably under utilized—for example as a dressing 
agent for wounds (Efem, 1988). There is an enormous 
literature available on the history, uses, extraction, 
and constituents of honey (see Crane, 1975). Beeswax 
is the second most important product obtained from 
honey-bees and is used mostly in ointments, skin 
creams, lipstick, candles, etc. (Coggshall & Morse, 
1984; Hepburn, 1986). Lesser known commercial 
products obtained from honey-bees include pollen 
(Stanley & Linskens, 1974), propolis (Walker & Crane, 
1987; Asis, 1988), royal jelly (Smith, 1959) and bee 
venom (Dotimus & Hider, 1987). Pollen and ROYAL 
JELLY, which is a secretion from the hypopharyngeal 
gland of the worker bee given to the developing queen, 
are used as dietary supplements and in cosmetics. 
PROPOLIS, the resin collected from plants and 
employed by the bees in nest construction, is used in 
healing creams, as a treatment for digestive disorders 
and for ‘curing’ raw distilled alcohol (W. Eberhard, 


pers. comm.). Honey-bee venom is currently being 
used as a tool in molecular biology and pharmaceuti- 
cal research, and is also being tested for its anti- 
arthritic properties. Hymenoptera venom in general is 
a rich and relatively unexplored source of natural 
products (Schmidt, 1986); the possible utilization of 
parasitoid venoms, some of which have antimicrobial 
properties (Chapter 2.4), is almost totally unexplored. 
Apiculture (‘bee-keeping’) in tropical countries 
requires certain special considerations (Espina Perez & 
Ordetx Ros, 1983; Crane, 1990). Nectar and pollen 
sources are often assumed to be readily available 
throughout the year but this is not always true, and 
supplemental food may be necessary. As in other parts 
of the world a number of honey-bee pests afflict the 
apiculturist in Central America: American foulbrood, 
European foulbrood, sac brood, chalk brood, nosema 
protozoans, mites, and wax moth (Crane, 1990; Morse 
& Nowogrodzki, 1990); bee parasitic mites are of par- 
ticular concern (Needham et al., 1988). Presently, the 
most important factor affecting apiculture throughout 
the Neotropics is the arrival of the Africanized honey- 
bee (see above). Although the Africanized honey-bee 
tends to collect more honey under conditions of poor, 
dispersed honeyflows, its greater aggressiveness and 
propensity to abscond make it more difficult to 
manage. However, by modifying apicultural practices 
the Africanized honey-bee can be utilized as a honey- 
producer (Gomez Rodriguez, 1986; Winston, 1992b). 


INTRODUCTION | 


A great deal has been written about the comparative 
morphology of the Hymenoptera (see below) and the 
account included here is only intended to be a brief 
introduction to the subject, serving to help workers 
recognize homologies or determine the name of an 
unfamiliar structure. This synopsis has been con- 
densed largely from Richards’ (1956) excellent intro- 
duction to Hymenopteran morphology, with a few 
amendments that have resulted from recent research. 
The following conventions have been applied. When a 
new term is introduced and explained it is printed in 
upper case. Acceptable common synonyms are pre- 
ceded by an equality sign (=) and follow in parenthe- 
ses. Homonymous terms that are used for different 
structures (and that are best avoided) are enclosed in 
quotation marks (’). 

For detailed study the general morphological and 
anatomical texts by Snodgrass (1935), Matsuda (1965, 
1970, 1976) and Scudder (1961) are recommended. 
Certain particularly specialized or controversial aspects 
of hymenopteran morphology are discussed in the fol- 
lowing papers: Brothers, 1975, 1976 (comparative 
morphology of aculeates); Compere and Rosen, 1970 
(prescutal morphology); Daly, 1964 (skeleto-muscular 
morphogenesis); Danforth & Michener, 1988 (wing 
folding); D'Rozario, 1942 (development of the reproduc- 
tive system); Duporte € Bigelow, 1953 (clypeus); 
Gibson, 1985 (comparative morphology and anatomy 
of pro- and mesothorax); K.G.A. Hamilton, 1972a & b 
(wing venation); Michener, 1944 (comparative mor- 
phology of bees); Michener and Brooks, 1984 (glossae 
of bees); Oeser, 1961 (comparative morphology of 
ovipositor); Reid, 1941 (thoracic morphology of apter- 
ous and brachypterous species); Robertson, 1968 
(venom apparatus); Scherbakov, 1980, 1981 and 
Gibson, 1993 (morphology of pterothoracic pleura); 
E.L. Smith, 1970 (genitalia); Snodgrass, 1941 (compar- 
ative morphology of male genitalia); Togashi, 1970 
(internal reproductive organs of Symphyta); Tonapi, 
1958 (comparative study of spiracles); Whitfield et al., 
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1989 (metapostnotum in non-aculeates); Wootton, 
1978 (wing venation). 


4.1 GENERAL ADULT 
MORPHOLOGY 


THE HEAD AND ITS APPENDAGES 


The head is characteristically hypognathous (= 
orthognathous sensu Schréder, 1928) with a ventrally 
directed mouth (Figs 4.01-4.03). Three OCELLI are 
usually present on the VERTEX (top of the head) and 
laterally are a pair of well-developed compound EYES. 
Anteriorly, and generally between the compound eyes, 
is a pair of sockets, the TORULI, from which project 
the multisegmented ANTENNAE. The area above the 
antennal sockets and below the median ocellus is 
called the FRONS, and the lateral margins of this, 
adjacent to the eyes, are termed the FRONTAL 
ORBITS. Below the toruli are a pair of small pits, the 
ANTERIOR TENTORIAL PITS, which mark the point 
of invagination of the H-shaped internal skeleton of 
the head, the TENTORIUM. An EPISTOMAL SUTURE 
(= clypeal suture) is usually visible as a groove 
running from near one mandibular base through the 
anterior tentorial pits to meet its counterpart cen- 
trally. The area between this suture and the labrum 
(see below) or mouth is the CLYPEUS; in ichneu- 
monoids the part between the clypeal margin and the 
toruli (which includes the clypeus and part of the 
frons) is called the LOWER FACE; the FACIAL ORBITS 
are the parts of the lower face adjacent to the eyes. In 
some braconids the clypeus is semicircularly emar- 
ginate and the labrum is strongly concave so they 
appear to have a round mouth; this concavity is 
termed the HYPOCLYPEAL DEPRESSION (= 
cyclostome condition). The shortest distance between 
the base of the mandible and the ventral margin of 
the eye is called the MALAR SPACE (which is part of 
the gena), and in some groups this is marked by an 
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Figs 4.01—4.03. Head and mouthparts. Figs 4.01—4.03. Ichneumonidae. 4.01, anterior view; 4.02, lateral view; 4.03, poste- 
rior view. 


impressed line, the MALAR SULCUS (= subocular or 
genal sulcus). In some formicids a pair of cuticular out- 
growths, the FRONTAL LOBES, project over the toruli, 
partially or entirely shielding the antennal articula- 
tions. The frontal lobes may extend posteriorly onto 
the frons as a pair of ridges, the FRONTAL CARINAE. 
In back view the head (Fig. 4.03) has large and 
approximately circular hole, the FORAMEN 
MAGNUM, in its centre. Ventrally this foramen may 
be contiguous with the ORAL FOSSA (= proboscidial 
fossa; buccal cavity), the cavity containing the mouth- 
parts, or the two may be separated by a bridge, 
formed in several different ways. In some taxa it is a 
fusion of parts of the hypostoma (see below) and is 
bordered laterally by the hypostomal carinae (in 
which case it is called the HYPOSTOMAL BRIDGE), or 
it can be formed by median fusion of the postgenae 
(POSTGENAL BRIDGE), or genae (GENAL BRIDGE), or 
by a combination of these and perhaps other parts. 
Close to the foramen magnum are the posterior points 
of invagination of the tentorium, the POSTERIOR 
TENTORIAL PITS, and the groove extending around 
the foramen magnum and linking the posterior 
tentorial pits is the POSTOCCIPITAL SUTURE. On 
either side of the oral fossa is a narrow sclerotized part 
of the HYPOSTOMA that is delineated laterally by a 
ridge, the HYPOSTOMAL CARINA (= oral carina), 
which may extend from the postoccipital suture to near 
the bases of the mandibles. In taxa with a genal or 
postgenal bridge the hypostomal carina meets its coun- 
terpart without reaching the postoccipital suture. The 
area lateral to the postoccipital suture and above the 
hypostomal carina is the POSTGENA and this is 
confluent with the OCCIPUT, the area above the 
foramen magnum. The postgena and occiput generally 
are delineated peripherally by a carina that is almost 
concentric with the margin of the foramen magnum. 
The ventral part of this carina is called the GENAL 
CARINA, and the dorsal part is known as the OCCIPI- 
TAL CARINA. The genal carina generally meets the 
hypostomal carina at or near the base of the mandible, 
or meets its counterpart centrally. The area between 
the genal carina and the compound eye is called the 
GENA and the part adjacent to the eye is known as the 
GENAL ORBIT (= posterior orbit; temporal orbit). The 
upper part of the gena is frequently called the TEMPLE. 
Various specializations of the head and its 
appendages occur. In many bethylids and ants the 
head is more or less PROGNATHOUS with the mouth 


directed forwards. In these groups the eyes are fre- 
quently reduced or even occasionally absent, and in 
worker ants the ocelli are generally lacking. In these 
prognathous taxa the extensive ventral surface of the 
head is formed by expansion of the genal bridge. In 
many other taxa the antennae are inserted very low 
down, almost adjacent to the epistomal suture so that 
the lower face is obliterated and in the orussids the 
antennae are inserted below the apparent clypeus. 
The genal and/or occipital carinae may be effaced so 
that the gena and postgena are confluent and the 
occiput is not separable from the vertex. In some 
Hymenoptera the frons has a pair of concave areas 
excavated to receive the basal part of the antennae; 
each excavation is called an ANTENNAL SCROBIS (= 
antennal scrobe). In many chalcids these are united 
into a single concavity, the SCROBES, and the area 
lateral to the scrobes is often raised and called the 
PARASCROBAL AREA, 

The form of the antenna is particularly variable. 
Typically the first visible segment, the SCAPE, is 
thicker and sometimes longer than any of the remain- 
ing segments. Articulating with the scape is a some- 
what smaller, subconical segment, the PEDICEL. Distal 
to the pedicel is the FLAGELLUM, which is nearly 
always divided into a number of units (except in 
Argidae), but is actually a single segment. Thus in 
using the term FLAGELLAR SEGMENTS (= flagellom- 
eres) it is understood that these are not true segments. 
These flagellar segments are usually more or less 
cylindrical and often structurally rather similar to 
each other, though the distal ones may be smaller 
than the proximal ones, or narrower and more elon- 
gate. The most conspicuous modifications to the 
antenna are found in smaller Hymenoptera. In ants, 
bethylids and many ‘microhymenoptera’, the scape is 
half or more as long as the pedicel and flagellum; the 
articulation between scape and pedicel is very mobile 
in comparison with the degree of flexibility existing 
between any two other segments, so the antenna 
appears to be elbowed (geniculate). In many chalci- 
doids one or more of the basal flagellar segments is 
very small and ring-like and usually called an 
ANELLUS (plural: anelli). In Chalcidoidea, Scelionidae, 
Platygastridae, and a few other groups, the apical 
flagellar segments may be enlarged, forming a club or 
CLAVA. In these groups the flagellar segments situ- 
ated between the anelli and the clava are collectively 
called the FUNICLE (= ‘funiculus’ of many authors). 


There is considerable variation in the number of 
antennal segments between hymenopteran taxa 
(ranging from 3 to 90 or more), but within taxa there 
is often a fixed number of antennal segments. For 
example, most male aculeates have 13 antennal seg- 
ments while the females usually have 12. However, 
some siricoids and most ichneumonoids have large 
numbers of flagellar segments, and in such taxa it is 
not uncommon to find 10 to 20 percent variation in 
flagellar numbers within a given species. The form of 
the antenna also varies between taxa. In most groups 
it is thread-like, or filiform, but in a few groups (e.g. 
male diprionids, some male eucharitids) some of the 
flagellar segments possess ventral prolongations so 
that the flagellum is plumose. In some argids the 
apparently single flagellar segment is bifid, and shaped 
like a tuning fork. 

In most hymenopterans the flagellar segments bear 
a number of sensilla and the distribution and form of 
these can be of great taxonomic value (e.g. Bin, 1981). 
Many larger apocritans have raised structures, such as 
ridges or flattened areas, on some of the flagellar seg- 
ments, and these are collectively termed TYLOIDS. In 
Chalcidoidea long conspicuous placoid sensilla, the 
MULTIPOROUS PLATE SENSILLA (= ‘rhinaria’, longi- 
tudinal sensilla; sensilla linearia), are visible (Barlin & 
Vinson, 1981; Wibel et al., 1984). Exocrine glands also 
occur on the antennae of some male chalcids and 
proctotrupoids (Dahms, 1984a; Bin & Vinson, 1986). 
Examples of other taxa in which antennal sensilla have 
been studied include  Aulacidae (Schmidt & 
Kuhbandner, 1983), Braconidae (Norton & Vinson, 
1974: Borden et al., 1978b), Chalcididae (Simser & 
Coppel, 1991), Ichneumonidae (Borden et al., 1978a; 
Rojas-Rousse & Palevody, 1983), Scelionidae (Bin, 
1981) and the aculeates (Walther, 1979). 

The mouthparts of most hymenopterans are of the 
simple mandibulate type. The triangular to semicircu- 
lar LABRUM is generally strongly sclerotized and 
exposed, or partially to more or less completely con- 
cealed beneath the clypeus. In formicids and bethylids 
the labrum folds ventrally to cover the anterior 
portion of the buccal cavity and is not visible in dorsal 
aspect. The MANDIBLES are generally well-developed 
and bear one to many distal teeth. In mymarom- 
matids, vanhorniids, alysiine braconids, and in a very 
few others (chalcidoids and ichneumonids) the 
mandibles are spatulate and outcurved. This is called 
the EXODONT condition. The MAXILLARY and 


LABIAL PALPS are generally conspicuous. Primitively 
the former are 6-segmented and latter 4-segmented, 
though this 6 : 4 PALP FORMULA is often reduced. 
The MAXILLA and LABIUM are generally rather 
unspecialized, though in many higher aculeates, a few 
braconids and desert-living species of other taxa, they 
are conspicuously lengthened. In vespoids and some 
sphecids the elongate GLOSSA is deeply bilobed dis- 
tally, while in most bees the glossa is extended as a 
single narrow lobe (Fig. 4.04) that terminates in a 
plate, the FLABELLUM. In the ‘short-tongued bees’ the 
lengthening of the proboscis is due to an elongation of 
the prementum, and the glossa remains short. 


THE THORAX 


The thorax consists of three segments, the pro-, meso-, 
and metathorax (Figs 4.05—4.06), with each segment 
being divided into a number of plates or SCLERITES. 
In the Apocrita the metathorax is reduced and the 
first abdominal segment, the PROPODEUM, is inti- 
mately associated with it (Figs 4.07—4.08). A constric- 
tion exists between this and the second abdominal 
segment. Thus the apparent thorax of apocritans con- 
sists of four segments; to avoid confusion with a true 
thorax this structure is often called the MESOSOMA 
(= alitrunk). In many older works the homology was 
not recognized and the propodeum was mistakenly 
referred to as the metathorax or epinotum. 

The PRONOTUM is usually rather short and closely 
associated with the mesonotum, while the PROPLEU- 
RON is loosely attached to its notum. The PROSTER- 
NUM is usually visible ventrally and is generally 
relatively small. The pronotum is often traversed dor- 
sally by a transverse furrow and laterally this may be 
crossed or margined by an oblique keel, the EPOMIA. 
In many aculeates with a large propodeum these keels 
(= the pronotal carina) are continuous dorsally, and 
separate a more or less vertical anterior part from a 
longitudinal or horizontal posterior part; the antero- 
lateral corners where they are prominent are called 
the HUMERI. The upper hind corner of the pronotum 
may partially surround or cover the mesothoracic 
spiracle (which primitively lies between the pro- and 
mesothorax), though in some taxa (eg. 
Proctotrupidae, Megalyridae) the spiracle opens onto 
the surface of the apparent pronotum. In many 
aculeates and evanioids the pronotal corner is 
enlarged to form a PRONOTAL LOBE that completely 
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Figs 4.04—4.06. 4.04. Mouthparts, Apidae. Figs 4.05-4.06. Tenthredinidae (Symphyta), mesosoma. 4.05, dorsal; 4.06, lateral. 


conceals the spiracle, and in some aculeates a verti- 
cal ridge, the PRETEGULAR CARINA, is present on 
the pronotum in front of the upper hind corner. In 
most apocritans the hind corner of the pronotum 
reaches almost to the TEGULA, a convex plate at the 
base of the fore wing. In the Sphecidae, Apidae, most 
Chalcidoidea, and some Chrysididae the hind corner 
of the pronotum is rather widely separated from 
the tegula. In the primitive condition the ventral 
corners of the pronotum are widely rounded and 


posteriorly overlap the mesepisternum, while in 
more derived forms they are acutely pointed and 
posteriorly closely co-adapted to the mesepisternum. 
In a number of families (e.g. Gasteruptiidae, 
Proctotrupidae, Scelionidae) the apparent pronotum 
extends round to the mid ventral line and is there 
fused so it forms a continuous ring behind the fore 
coxae. 

The MESOTHORAX is the largest thoracic segment 
since it contains the principal flight muscles which 


PRONOTAL 
COLLAR 
NOTAULUS 


POSTERIOR CORNER 
OF PRONOTUM 


SCUTO-SCUTELLAR 
SULCUS 


AXILLARY TROUGH 
OF METANOTUM 


HIND MARGIN 
OF METANOTUM 


N 


PROPODEAL 
SPIRACLE 


</ 


DORSELLUM 


TEGULA 


MESOSCUTUM 
PRONOTUM 


MESOPLEURON 3 


$ 
i 


STERNAULUS 


PLEURAL 
8 SUTURE 


SCUTELLUM 


e 
p PROPODEUM 


TERGITE 1 


METANOTUM 


SCUTELLUM 


PROPODEAL 
SPIRACLE 


PROPODEUM 


STERNITE 1 


Figs 4.07-4.08. Ichneumonidae (Apocrita), mesosoma. 4.07, dorsal; 4.08, lateral. 


power the fore wings. Dorsally it is covered by the 
MESONOTUM which is divided into two main parts, 
an anterior MESOSCUTUM, and a posterior SCUTEL- 
LUM (= mesoscutellum). The two are typically sepa- 
rated by a transverse groove, the SCUTO-SCUTELLAR 
SULCUS. In some symphytans and chalcids a trans- 


verse line of flexibility, the TRANSSCUTAL ARTICU- 
LATION is present across the mesonotum at about the 
level of the base of the fore wings. This separates a 
posterior portion of the mesoscutum, the AXILLA 
which extends laterally to the fore wing base. The 
transscutal articulation is present in most apocritans 


though in many groups (e.g. ichneumonids) it is 
effaced centrally, and is visible only laterally. In many 
apocritans the transscutal articulation is centrally 
close to the scuto-scutellar sulcus and the axillae are 
really only discernible laterally. In many Hymenoptera 
a pair of posteriorly convergent impressed lines, the 
NOTAULI (singular notaulus) (= ‘prescutal sutures’ 
sensu Richards, 1956), are present on the mesoscu- 
tum. In many sawflies the notauli meet posteriorly 
and define a triangular area, the MEDIAN MESOSCU- 
TAL LOBE (= ‘prescutum’ sensu Richards, 1956), and 
in some of these symphytans a median longitudinal 
groove, the MEDIAN MESOSCUTAL SULCUS (= 
median scutal line), extends posteriorly from the ante- 
rior margin of the mesoscutum, bisecting the median 
mesoscutal lobe. This appears to be an archaic feature 
of Hymenoptera and while it has been widely observed 
in fossil apocritans (Rasnitsyn, 1980), it is uncommon 
in extant Apocrita, which generally lack any trace of 
the median mesoscutal sulcus and have the notauli 
shorter, or posteriorly less strongly convergent, so 
they do not meet. In many taxa the notauli may be 
vestigial or absent. Numerous apocritans have a 
second pair of mesoscutal marks, the PARAPSIDAL 
LINES, lateral to the notauli. If present, these typically 
extend anteriorly from the posterior region of the 
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mesoscutum. In some scelionids the anteromedian 
part of the mesoscutum is smooth and concave, and 
margined by a carina; this is called the SKAPHION. 
In eumenine vespids the posterolateral corner of the 
mesoscutum is extended backwards into a lobe, the 
PARATEGULA, which overhangs the axilla. 

The scutellum may be oval to somewhat shield- 
shaped. Its shape, sculpture and convexity are often 
important features for separating species, as is the 
degree of development of the lateral longitudinal 
carinae. In sawflies a MESOPOSTNOTUM is present as 
a transverse-sclerite behind the scutellum and this is 
probably homologous with the FRENAL AREA (= 
frenum) of chalcid workers (Fig. 4.09). In sawflies the 
central part of this may be called the POSTSCUTEL- 
LUM, but this is not homologous with the 'postscutel- 
lum’ of Apocrita. 

The MESOPLEURON is primarily divided into an 
anteroventral MESEPISTERNUM and a posterodorsal 
MESEPIMERON by the PLEURAL SUTURE, an oblique 
groove that runs forwards and upwards from near the 
mid coxa to near the base of the fore wing. The 
mesepimeron is quite large in sawflies and most chal- 
cidoids (except encyrtids, tanaostigmatids and many 
eupelmids), but in most Apocrita it is reduced to a 
narrow posterior strip, often delineated only by a row 
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Fig. 4.09. Pteromalidae, mesosoma dorsal. 


of punctures. It is not discernible at all in many 


aculeates. The posterodorsal corner of the 
mesepimeron is nearly always produced into a 
rounded lobe which more or less conceals the second 
thoracic spiracle. In most Hymenoptera a medioven- 
tral longitudinal sulcus, the MEDIAN STERNAL 
GROOVE is distinct. Often a PRECOXAL SUTURE runs 
from near the base of the mid coxa sinuously forwards 
to near the front end of the mesepisternum; in some 
ichneumonoids this may be broad and quite deeply 
impressed and is known as the STERNAULUS. The 
area between the precoxal suture and the median 
sternal groove is commonly called the MESOSTER- 
NUM, though it is not homologous with the definitive 
mesosternum, which is probably reduced or invag- 
inated in most hymenopterans. In xyelids, and appar- 
ently also in eupelmids, the true mesosternum is 
distinct. 

The morphology of the anterior part of the meso- 
pleural region is particularly complex because of the 
existence of intersegmental sclerites and their subse- 
quent fusion with other parts. In most sawflies, a large 
subtriangular to rectangular sclerite, the PREPECTUS, 
is partly inserted into the excised anterior margin of 
the mesepisternum below the first thoracic spiracle. 
Morphologically the prepectus can be recognized as 
the origin of the spiracular occlusor muscle; in some 
groups in which it is extremely reduced its position 
can be deduced by examination of the muscles. 
Behind the spiracle a second sclerite, the POST- 
SPIRACULAR SCLERITE, is discernible in most ten- 
thredinoids, cephids and in anaxyelids. In other 
Siricoidea the prepectus is elongate and slender and 
hidden beneath the hind margin of the pronotum, but 
the postspiracular sclerite is usually discernible. In 
orussids and all Apocrita the postspiracular sclerite is 
fused with the mesopleuron. In most apocritans the 
prepectus is usually either concealed beneath the 
pronotal margin, or it is fused with other parts. In the 
Sphecidae, Formicidae and some other vespoids it is 
apparently fused with the mesepisternum, while in the 
Vespidae and most parasitoids it is often fused with 
the hind margin of the pronotum. The only parasitoid 
group with a conspicuous independent prepectus is 
the Chalcidoidea, where it forms an intervening scle- 
rite between the pronotal corner, the tegula and the 
mesopleuron. In many chalcids the two prepecti are 
confluent ventrally to form a single semi-annular 
sclerite. Recently an independent concealed prepec- 


tus has been found in the Stephanidae, Dryinidae, 
Monomachidae,  Roproniidae and Austroniidae 
(Gibson, 1985). 

The lateral mesothorax generally shows a number 
of other taxonomically important features. In many 
Apocrita a ridge, the EPICNEMIAL CARINA (= 
omaulus) more or less parallels the anterior margin of 
the mesepisternum delineating anteriorly an EPICNE- 
MIUM (omaular area), Often the epicnemial carinae 
meet medioventrally so the epicnemium is continuous 
ventrally behind the fore coxae. Frequently the front 
of the subpleural area is more or less depressed to 
receive the backwardly projecting fore coxae. The pos- 
terior margin of this depression is sometimes defined 
by an ACETABULAR CARINA, which may be difficult 
to distinguish from the bottom of the epicnemial 
carina. The epicnemium is not homologous with the 
prepectus, and the term prepectal carina (for the epi- 
cnemial carina), though widely used, should be 
avoided. The part of the mesepisternum below the 
wing insertion is often convexly raised and called the 
SUBALAR PROMINENCE (= subalar area). Behind and 
slightly below this is an impression, the SUBALAR 
PIT, and in many aculeates a groove, the ANTERIOR 
OBLIQUE SULCUS (= “episternal sulcus’), extends from 
this pit to the epicnemial carina. On the mesepister- 
num of virtually all apocritans, slightly before the 
mesepimeron and about one third of its length down, 
is a small pit, the EPISTERNAL SCROBE; in many 
aculeates a SCROBAL SULCUS extends forwards from 
this to the anterior oblique sulcus. The area above this 
suture is the HYPO-EPIMERAL AREA, which seems to 
be homologous with the ‘speculum’ of ichneumonoids. 
In Pompilidae and many Dryinidae the anterior 
oblique and scrobal sulci are not indicated, but in 
pompilids a groove, the POSTERIOR OBLIQUE SULCUS 
extends from the episternal scrobe to the lower end of 
the epicnemial carina. 

The METATHORAX which bears the relatively 
small hind wings is always smaller and less differenti- 
ated than the mesothorax. A metathoracic spiracle 
(which is concealed behind the posterodorsal margin 
of the mesepimeron) is apparently functional in the 
Symphyta, Ichneumonoidea, Evanioidea and most 
aculeates, but is vestigial or lost in the Cynipoidea, 
Chalcidoidea, Ceraphronoidea and Proctotrupoidea. 
The METANOTUM is present primitively as a strap-like 
transverse sclerite. In apocritans its central part (the 
DORSELLUM) is often raised and laterally bounded by 


110 — 


depressions; this raised portion has been called the 
‘postscutellum’, but it is not homologous with the 
symphytan postscutellum. In all Symphyta, except 
Cephidae, a pair of rounded prominences, the 
CENCHRI, are present on the metanotum. These have 
a roughened surface to engage the wings when they 
are folded over the body. Cenchri are not present in 
any apocritans. The METAPOSTNOTUM is usually 
visible in symphytans, though it may be reduced. In 
apocritans it is variously modified by being reduced, 
invaginated or fused with other parts. In the Apoidea 
the ‘propodeal triangle’ is actually a posteriorly 
expanded metapostnotum (Brothers, 1976). The 
METAPLEURON is divided by the METAPLEURAL 
SUTURE into a METEPISTERNUM and METEPIMERON 
in some sawflies, while in many apocritans it is appar- 
ently undivided and dorsally confluent with the 
propodeum. In Sphecidae the metapleuron is primi- 
tively divided into upper and lower areas by the trans- 
metapleural line. In many formicids the lower 
posterolateral quadrant of the metapleuron contains a 
swollen METAPLEURAL GLAND that is evident exter- 
nally by the presence of a bulla. 

The PROPODEUM is the first abdominal segment of 
apocritans that has become fused to the thorax. This 
segment is modified even in sawflies in which it is 
commonly longitudinally divided mediodorsally. The 
corresponding sternite is either very reduced or 
absent. In apocritans the propodeum is generally 
convex, and bears laterally a pair of conspicuous 
PROPODEAL SPIRACLES. The posterodorsal surface of 
the propodeum is variously modified in different 
families, and in ichneumonoids often bears several 
carinae enclosing AREAE. These carinae and areae 
have various names, which are usually explained in 
relevant specialist works (e.g. Gauld, 1991), as the 
shapes of these areae and conformations of the 
carinae are particularly important taxonomic features. 
In chalcidoids a different arrangement of carinae is 
present (see Fig. 4.09) and the most posterior part, 
which is sometimes lengthened, is called the NUCHA. 
The apocritan metasoma articulates via a socket, the 
PROPODEAL FORAMEN, that is usually at the poste- 
rior end of the propodeum, though in some taxa (e.g. 
the Evanioidea) it is displaced dorsally. The form of the 
propodeal/metasomal articulation is characteristic in 
several major apocritan groups, and has been detailed 
by Mason (1983a) who considered that the different 
forms characterize different evolutionary lineages. In 


4 The structure of Hymenoptera = 


ichneumonoids and most aculeates an external liga- 
ment or muscle can be seen issuing from the 
propodeum, immediately dorsal to the metasomal 
insertion, and inserting into the first metasomal 
segment via a dorsal orifice close to the anterior end of 
the tergite. In some vespids the posterolateral part of 
the propodeum, either side of the foramen is expanded 
into a flange-like lobe, the PROPODEAL VALVULA. 

The APTEROUS (= wingless) mesosoma seen in 
some Ceraphronoidea, Proctotrupoidea, Chalcidoidea, 
Ichneumonoidea, Chrysidoidea, Tiphiidae, 
Bradynobaenidae, Mutillidae and Formicidae is fre- 
quently characterized by a reduction in the size and 
complexity of the mesothoracic and metathoracic scle- 
rites. In general the subdivisions of the mesonotum 
(mesoscutum, scutellum, axillae) are frequently fused, 
and characteristic features such as the notauli, tend to 
be lost. The mesonotum is usually much reduced in 
size and no longer dominates the dorsal mesosoma as 
in the alate forms. A flexible suture is sometimes 
visible between the pronotum and mesonotum, but 
often the two sclerites are fused (to form a 
PROMESONOTUM), leaving no trace of, or a faint 
groove where the suture was. The metanotum is 
sometimes discernible as a distinct sclerite separated 
by sutures or impressions from the mesonotum in 
front and the propodeum behind, but often it is repre- 
sented only by a transverse line, the METANOTAL 
GROOVE. In the most specialized apterous 
hymenopterans (female mutillids) the fusion of all 
mesosomal sclerites is more or less complete. In 
BRACHYPTEROUS species wing vestiges, or extremely 
reduced non-functional wings, are present. In such 
forms the mesosoma either retains its full complement 
of sclerites or shows some of the reductions character- 
istic of apterous species. 


THE WINGS 


Hymenoptera characteristically have two pairs of 
wings, a large anterior pair and a smaller posterior 
pair. The fore and hind wings on each side are held 
together by a series of hooks, the HAMULI, which 
arise from the front edge of the hind wing and engage 
one or more folds (RETINACULUM) on the posterior 
margin of the fore wing. Characteristically, two 
groups of hamuli are present, a proximal group on the 
costal vein and a distal group on the radial vein. Large 
species usually have a large number of hamuli but 
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smaller hymenopterans have fewer and only three 
distal hamuli are present in most Chalcidoidea. 
In many Hymenoptera a‘ large, pigmented 
PTEROSTIGMA (= stigma) is present about two-thirds of 
the way along the anterior margin of the fore wing. 
The wing membrane is supported by a series of lon- 
gitudinal and transverse VEINS, and is traversed by a 
number of FOLDS. The wing veins divide the mem- 
brane into a number of discrete areas, wing CELLS. 
When a cell is bordered on all sides by veins (includ- 
ing the pterostigma) or is proximally contiguous with 
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the wing base, the cell is called an ENCLOSED CELL 
(see p. 115). The pterostigma and cells confluent with 
the wing margin are not counted as enclosed cells. 
The names and corresponding homologies of the 
veins, both within the Hymenoptera and throughout 
the Insecta, have been the subject of a great deal of 
controversy and in many groups of Hymenoptera idio- 
syncratic venational nomenclature is widely used. 
The principal longitudinal veins of the hymenopter- 
ous wing are best shown in the most primitive 
members of the order, such as the Xyelidae (Figs 4.10, 
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Figs 4.13—4.14. Wing venation. 4.13, Xyelidae; 4.14, Apidae. 


4.13). The following are recognizable: the costa (C), 
subcosta (Sc), radius (R), radial sector (Rs), media (M), 
cubitus (Cu) and three anals (1A, 2A and 3A). A 
remnant of jugal vein (J) is often discernible near the 
proximal hind margin of the wings. Except in sawflies, 
where Sc is concave, all hymenopteran longitudinal 
veins are convex. The following cross-veins (denoted 
by lower case letters) have been identified: 1r-rs, 2r-rs, 
lrs-m, 2rs-m, 3rs-m, lm-cu, 2m-cu, lcu-a and 2cu-a. 
At least one anal-anal cross-vein is present in some 
sawflies. The hind wing (Figs 4.13, 4.14) is rather 
similar except that Rs and Cu are not branched, and 
Rs and M are not fused centrally. Only cross-veins 
lrs-m, 3rs-m, m-cu, cu-a and an anal-anal cross-vein 
are recognizable in the hind wing. 

In the fore wing vein R is apparently not branched, 
but two branches of Sc (Scl and Sc2) are observable in 
some megalodontoids and two branches of Rs (Rs1 
and Rs2) are discernible in some xyelids. Distally Rs or 
its branches generally anastomose with R. In some 
braconids, bethylids and vespids either Rs or Sc+R at 
or distal to the point of divergence of Rs is broadened 
into a PRESTIGMA immediately proximal to the 
pterostigma. A single unbranched M is present, and 
this is almost always fused with Rs (thus obliterating 
lrs-m) for a short distance near the centre of the wing 
(see Figs 4.10—4.12). The single Cu is branched dis- 
tally with Cul extending towards the hind corner of 
the wing, and Cu2 (= Culb sensu Richards) being 
short and extending to the claval notch where it anas- 
tomoses with the first anal vein. In all sawflies, except 
cephids, a scaly patch is present on the wing margin 
between the third anal vein and the jugal vein 
remnant. 

Throughout the evolutionary history of the order 
there has been a reduction in venation (Figs 4.10— 
4.12). In the fore wings of all Hymenoptera, except for 
a few xyelids, 1rs-m has been obliterated by fusion of 
Rs and M centrally, while the branches of Sc and Rs 
were lost early in the evolutionary history of the 
Symphyta. Although they are now treated as separate 
veins (see K.G.A. Hamilton, 1972a,-b) R and Rs are 
basally united in most insects, but in most 
Hymenoptera Sc is also fused with them, at least 
basally. M and Cu are also united for a considerable 
distance basally. In Apocrita further venational reduc- 
tion has occurred. Veins 2A and 3A are lost or 
reduced to stubs so that no enclosed anal cells are 
present in either the fore or hind wing. In the fore 


wing Sc is completely obliterated by fusion (except in a 
few sphecids), and in many groups that are active 
fliers (e.g. Ichneumonidae) C, Sc, R and Rs are united 
for much of their length (Fig. 4.15). However, there is 
a peculiar weakness, a hinge-like mechanism, present 
at the base of the pterostigma, which allows deforma- 
tion of the outer part of the fore wing. Associated with 
this is the loss of vein 1r-rs. The primitive number of 
enclosed fore wing cells for the Apocrita is probably 
11, but generally only 10 are discernible (Fig. 4.18). 
In most lineages of apocritans there has been exten- 
sive reduction in venation and remaining veins are 
often composite structures. Veins comprising two or 
more veins fused for their length are indicated by the 
abbreviations separated by a plus-sign (e.g. M+Cu) 
while apparent single veins formed from lengths of dif- 
ferent veins are indicated by the abbreviations sepa- 
rated by an ampersand (e.g. Rs&M). In many works 
concerning members of one family or subfamily com- 
posite veins may simply be referred to, for conve- 
nience, by the name of their longest component. Thus 
in works on the Ichneumonidae M&1m-cu is generally 
called 1m-cu. 

Usually a maximum of only two enclosed cells are 
present in the hind wing of apocritans, but in many 
large vespoids C extends along the anterior margin of 
the wing enclosing a third cell, the costal. In many 
small Hymenoptera no discernible cells are present in 
the hind wings, and frequently almost no veins are 
visible, although hamuli are always in evidence. 

The nomenclature of the wing cells is both confused 
and confusing. As there has been extensive fusion and 
obliteration of cells, any attempt to establish a series of 
homologous standard names is likely to be both cum- 
bersome and controversial. We recommend the adop- 
tion of the systems shown in Figs 4.17, 4.18. In this 
system homologous cells in the symphytan and apoc- 
ritan wings have the same names, except that the first 
submarginal cell of apocritans corresponds to the first 
and second parastigmal cells of the sawfly. 

Some flexion-lines (Wootton, 1978) and fold-lines 
may be seen in the wings of virtually all medium to 
large sized Hymenoptera and where these folds cross a 
vein, the vein is generally transparent, and this clear 
area is called a FENESTRA (= bulla). The CLAVAL 
FURROW in fore and hind wings is a fold that is just 
anterior to, and parallel with, 1A. It originates at the 
wing base and its distal end is marked by a notch (the 
PREAXILLARY EXCISION) in the wing membrane. 
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Figs 4.15-4.16. Wing venation. 4.15, Ichneumonidae; 4.16, Encyrtidae. 


This has frequently been called the ‘vannal notch’, 
while the fold often has been referred to as the ‘vannal 
fold’, but the term ‘vannal’ is best avoided. 
Characteristically, in the hind wing a JUGAL FOLD 
may also be present behind the claval furrow. This 
fold also originates at the wing base and extends to 
the wing margin where it may be marked by a notch, 
and the area posterior to the jugal fold, the JUGUM, 
may be extended distally into a lobe, the JUGAL LOBE 
(= anal lobe). That part of the wing between the 
jugum and claval furrow is called the CLAVUS, and it 


too may occasionally be marginally expanded into a 
lobe, the CLAVAL LOBE (= 'vannal' or plical lobe). 

In the smaller apocritans the pterostigma is often 
absent and the venation can be extremely reduced. In 
many chrysidoids only the proximal cells of the wing 
are delineated, while in most proctotrupids and diapri- 
ids only the anterior cells remain; in cynipoids gener- 
ally only a triangular marginal (= radial) cell is 
delineated. In the Chalcidoidea and Scelionidae only a 
single, bifurcate, composite vein is developed so no 
cells are enclosed. The homology of the parts of this 
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Figs 4.17-4,18. Wing cells. 4.17, Xyelidae; 4.18, Apidae. AC = anal cell; BC = basal cell; CC = costal cell; DC = discal cell; MC 
= marginal cell; PC = parastigmal cell; SBC = subbasal cell; SCC = subcostal cell; SDC = subdiscal cell; SMC = submarginal cell. 
The names of enclosed cells are not in parentheses, those not fully enclosed are in parentheses. 


vein are difficult to establish so it is most convenient 
to use the very widely accepted (non-homologous) ter- 
minology: SUBMARGINAL VEIN for the proximal part 
that is parallel to, but not on, the wing margin; MAR- 
GINAL VEIN for the part on the wing margin; 
STIGMAL VEIN for the branch of the marginal pro- 
jecting into the wing membrane and POSTMARGINAL 


VEIN for the part on the wing margin distal to the 
junction of the marginal and stigmal veins. At the 
junction of the submarginal and marginal veins a 
short broadened part, the PARASTIGMA, can some- 
times be seen. The apex of the stigmal vein of chalcids 
is usually shaped like a bird’s beak and is referred to 
as the UNCUS. The term ‘stigmal vein’ is also widely 


employed in the chrysidoid families where it refers to a 
free curved vein arching outwards from the 
pterostigma and consisting of 2r-rs and the apical 
portion of Rs. In some platygastrids only the submar- 
ginal vein is discernible, while in others no venation is 
present. Chalcidoidea frequently have one or more 
hairless areas present on the surface of the fore wing. 
One area, running obliquely from the parastigma to 
the hind margin is termed the SPECULUM. Many 
aphelinids, encyrtids and eupelmids have a second 
oblique hairless strip, the LINEA CALVA, running 
from the stigmal vein to the hind margin; the setae 
bordering the linea calva appear to function in wing 
coupling while at rest (Hennessey, 1981). The wings 
of the very smallest apocritans are frequently fringed 
with long hairs. 


THE LEGS 


The fore, middle and hind pairs of legs articulate with 
the pro-, meso-, and metathorax respectively. Each leg 
consists of a basal COXA, a short TROCHANTER, an 
elongate FEMUR, a slender TIBIA and a multiseg- 
mented TARSUS. In some Apocrita the proximal end 
of the femur is differentiated as a more or less distinct 
segment, the TROCHANTELLUS. The tibiae are pro- 
vided with articulated SPURS on their distal ends. 
Typically the three legs have 2 : 2 : 2 tibia spur 
formula (most Symphyta and Ceraphronoidea) or 
l] : 2 : 2 spurs (most Apocrita). This number is 
reduced in many lineages. Probably primitively these 
spurs are cylindrical, but in many taxa one or more is 
flattened, fringed and variously curved; such special- 
ized spurs are generally termed CALCARIA (though 
occasionally this term has been used as a synonym of 
spur). A few symphytans (e.g. Pamphiliidae) have 
additional articulating PREAPICAL SPURS present on 
the medioventral surface of the middle and hind 
tibiae. In Symphyta one of the apical spurs of the fore 
tibia is usually enlarged and specialized to form an 
antennal cleaner. A similar modification (the STRIGIL) 
is found in Apocritans, and the first tarsal segment is 
also somewhat modified to function as part of this 
antennal cleaner. The tarsus typically has five 
TARSAL SEGMENTS (= tarsomeres), though the 
number is reduced to four or three in some chalci- 
doids. In many Symphyta, Trigonalyidae, Pompilidae, 
Sphecidae and a few Ichneumonidae a small membra- 
nous pad, the PLANTAR LOBE (= plantulae), projects 


from the distal apex of each of the first to fourth tarsal 
segments. The distal tarsal segment bears a pair of 
CLAWS and associated structures, the AROLIUM (= 
pulvillus), ORBICULA, PLANTA and CAMERA. 

The legs of a number of Hymenoptera are conspicu- 
ously modified for certain purposes such as jumping 
(e.g. many Chalcidoidea), burrowing (e.g. some 
Aculeata and Ichneumonidae), prey grasping (e.g. 
most female Dryinidae), mate seizure and/or courtship 
(e.g. some male Sphecidae) or pollen carrying (most 
Apidae). 


THE ABDOMEN 


The ABDOMEN normally consists of ten segments but 
this number is often not visible without careful dissec- 
tion. Each segment normally consists of a dorsal 
TERGITE and a ventral STERNITE, which may be free 
or secondarily fused. In many apocritans a lateral 
piece of each tergite is separated by a crease, or even 
detached from the main dorsal part of the tergite to 
form a LATEROTERGITE. Analogous LATEROSTERN- 
ITES are present in some Ichneumonidae. In general 
the last visible tergite or syntergite (whatever its 
number) is called the PYGIDIUM (= epipygium) and 
the last visible sternite the HYPOPYGIUM (= subgeni- 
tal plate; hypandrium); these are specialized in diverse 
ways in various groups. 

In the Symphyta the first seven segments are nor- 
mally developed except that the first sternite is mem- 
branous; tergite VII is also normal and it bears lateral 
spiracles as do tergites I to VII. The more posterior 
parts are modified in connection with the genitalia 
(see below). The tenth tergite bears a pair of piliferous 
processes, the CERCI (= pygostyles sensu Richards, 
1956). In some taxa that have tergite X reduced and 
fused with tergite IX the cerci appear to be attached to 
the latter, while in a number of apocritan groups the 
cerci are absent. 

In the Apocrita the first abdominal segment (the 
propodeum) is closely associated with the thorax and 
the apparent ‘abdomen’ consists of the second and fol- 
lowing true abdominal segments. This is called the 
METASOMA to avoid confusion with the definitive 
abdomen. In ants the term GASTER has been used to 
refer to that part of the metasoma posterior to the petio- 
lar, or petiolar and  postpetiolar segments. In 
Chalcidoidea the term gaster has been used for that 
part of the metasoma posterior to the petiole, and thus 


gastral segment 1 = metasomal segment II = 
abdominal segment III. In this book ‘gaster’ is avoided 
wherever possible (it is here only used for the 
Formicidae, Chapter 16) since different workers may or 
may not regard it as synonymous with the metasoma. 

In many Apocrita metasomal segment I is anteriorly 
slender and somewhat tubular, often with the tergite 
and sternite immovably attached to each other, though 
in the Ichneumonoidea sternite I is divided by a trans- 
verse suture into an anterior and posterior part and 
only the anterior part is closely associated with its 
tergite. Often the posterior margins of metasomal 
segment I do not overlap the anterior edges of the fol- 
lowing segment; in many aculeate families segment I is 
often separated from segment II in some way, such as 
by reduction, grooves, constrictions or indentations, or 
by the development of STRIDULATORY SURFACES 
between the two segments. Sometimes metasomal 
segment II is relatively reduced or is separated behind 
by deep constrictions (e.g. in some ants). For these 
modified segments we propose that the term PETIOLAR 
SEGMENTS should be used. We avoid the terms 'petiole' 
and 'postpetiole' as these traditionally refer to different 
things in different groups. For example, in Formicidae 
the 'petiole' is metasomal segment I and the 'postpeti- 
ole' is segment II, when separated; in ichneumonoids 
the 'petiole' is the slender, anterior part of metasomal 
segment I, while the 'postpetiole' is the posterior, 
broader part of the same segment. In some groups of 
Chalcidoidea, Proctotrupoidea and Cynipoidea metaso- 
mal segment I is very small and annular; frequently it 
is almost obscured by or sometimes fused with the fol- 
lowing segment. In some ichneumonids there are 
impressed areas, GLYMMAE, in metasomal tergite I; 
these may be large and impressed deeply enough to 
almost meet their lateral counterpart. 

Typically the apocritan metasoma has spiracles on 
metasomal segments I to VII, but in many groups the 
number is reduced to I to VI or I to V and even 
greater reduction occurs in some groups. The 
Chalcidoidea, Cynipoidea, Evanioidea and some 
Proctotrupoidea, for example, only have a functional 
spiracle on metasomal tergite VII, while according to 
Naumann and Masner (1985) the Vanhorniidae, 
Scelionidae and Platygastridae lack functional meta- 
somal spiracles entirely. In the Trigonalyidae spiracles 
are present only on metasomal tergite VII, and these 
are generally covered by the hind margin of metaso- 
mal tergite VI. 


Metasomal segments II to VI are usually relatively 
unspecialized and somewhat resemble each other. 
The hind margin of each tergite generally broadly 
overlaps the fore margin of the following tergite. In 
some groups (e.g. the Ichneumonidae and some 
aculeates) metasomal tergite II, and sometimes also 
tergite III, has an elliptical or more or less circular, 
differently sculptured area, the THYRIDIUM, present 
anteriorly, though in some slender taxa the thyridia 
have apparently been displaced posteriorly and their 
course is indicated by a groove. In many Mutillidae 
and Bradynobaenidae a groove, the FELT LINE, is 
present close to and parallel with the lateral margin 
of metasomal tergite II. In many evolutionary lines of 
the Apocrita there is a tendency for some of the 
metasomal tergites to fuse together to form what is 
called a SYNTERGITE. In all Braconidae and many 
Chalcidoidea metasomal tergites II+II are fused and 
in many braconid subfamilies (especially the 
Cheloninae) further fusion takes place. In the genus 
Chelonus metasomal tergites I+JI+III are united to 
form a CARAPACE, that completely covers the 
reduced posterior segments. The most extreme fusion 
occurs in the Vanhorniidae where metasomal tergites 
I to IV are united in a single syntergite, and metaso- 
mal sternites I to IV (in females) or I to V (in males) 
are fused to form a SYNSTERNITE. In’ the 
Chrysididae the posterior tergites are reduced, tele- 
scopic and retracted beneath tergite III or IV (Kimsey 
1992b). The sternites of Hymenoptera are often rela- 
tively weakly sclerotized, and almost membranous 
(e.g. some Ichneumonidae), but they can be as 
strongly sclerotized as the  tergites (e.g. 
Proctotrupidae, most aculeates). In some female bees 
they are covered with elongate pubescence and are 
used for pollen transport; such a hirsute area is 
called a VENTRAL SCOPA. The posterior segments of 
the metasoma are modified to accommodate the gen- 
italia in a variety of ways in the two sexes of various 
groups, so it is convenient to discuss the sexes sepa- 
rately. 


THE FEMALE GENITALIA AND ASSOCIATED SEGMENTS 


In many groups the terminal segments of the female 
are highly modified, reduced and invaginated. 
Extensive comparative anatomical study is still needed 
to elucidate the oviposition mechanisms of the smaller 
Apocrita. The following account emphasizes the 
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structure, and to some extent function, of the general- 
ized hymenopterous condition. 

The last visible sternite of the female abdomen is 
usually sternite VII (= metasomal sternite VI), and 
this is often somewhat enlarged and projects back- 
wards to cover the underside of the ovipositor. 
Abdominal sternites VIII and IX are reduced and 
membranous, and their place is taken by the parts of 
the ovipositor which may have been derived from 
coxal homologues on abdominal segments VIII and IX 
(Scudder, 1961). These homologues, the FIRST 
and SECOND GONOCOXAE, both possess ventral 
elongations, respectively the FIRST and SECOND 
GONAPOPHYSES. In Hymenoptera the first gonocoxa 
is apparently lost (though the VENTRAL PROCESS 
may represent a vestige of it), and the internal end of 
the first gonapophysis joins to the GONANGULUM (= 
first valvifer), which is probably a detached part of the 
second gonapophysis. The gonangulum is approx- 
imately triangular, with the first gonapophysis (= first 
valvula, lower valve of ovipositor or lancet) arising 
from one angle (Fig. 4.19), the second corner articu- 
lating with a mediodorsal process on the second gono- 
coxa and with the upper corner articulating with a 
ventral apodeme of abdominal tergite IX. The second 
gonocoxa (= second valvifer) is larger than the gonan- 
gulum and somewhat oblong in profile. The second 
gonapophysis (= second valvula, upper valve of 
ovipositor or stylet) arises from the anterior end of this 
gonocoxa, but it is generally rigidly fused with its 
fellow on the other side to form the inverted U-shaped 
upper valve of the ovipositor. Along the lower side of 
these fused gonapophyses is a pair of ridges which fit 
into grooves on the dorsal edge of the first gonapophy- 
ses. These three elements form a hollow tube, the 
OVIPOSITOR, through which the egg is usually 
passed. The second gonapophyses may bear ridges or 
teeth distally or may be smooth, but the first 
gonapophyses almost invariably are toothed distally. 
Internally the first gonapophysis is usually covered 
with microscopic, backwardly-directed ridges or denti- 
cles (see Austin € Browning, 1981), but in the 
Ichneumonoidea and aculeates one or more small 
articulating flaps, the VALVILLI, are present (Quicke, 
Fitton & Ingram, 1992). The posterodorsal corner of 
the second gonocoxa is usually produced into an 
apodeme and below this articulates a GONOPLAC (= 
third valvula or ovipositor sheath) which is normally 
hirsute externally, and concave internally (Fig. 4.19). 


The two gonoplacs project backwards and form a 
sheath or case for the ovipositor. Many of these struc- 
tures bear sensilla (Hermann & Douglas, 1976; 
LeRalec & Wajnberg, 1990). In honey bees the proxi- 
mal part of the ovipositor sheath bears exocrine 
glands, the secretions of which induce defensive 
behaviour in guard bees outside the hive (Cassier 
et al., 1994). 

The ovipositor is worked by two sets of antagonistic 
muscles, an often massive protractor that extends 
from the anterodorsal end of the second gonocoxa to 
the anterior part of abdominal tergite IX, and a retrac- 
tor set extending from the posterodorsal apodeme on 
the second gonocoxa to an internal ridge on the side 
of tergite IX. As the protractor muscle contracts, 
tergite IX is pulled forwards and down exerting pres- 
sure on the gonangulum via the tergal/gonangular 
articulation. The gonangulum rocks on the gonangu- 
lar/gonocóxal articulation so its front end tips down- 
wards pushing the first gonapophysis so that it slides 
and its end projects beyond that of the second. 
Contraction of the retractor muscle reverses this 
process, but as the teeth on the tip of the first 
gonapophysis serve as barbs preventing backward 
movement, the net result is usually a forward move- 
ment of the second gonapophysis. 

Primitively in the Hymenoptera, the female genital 
orifice lies at the base of the first gonapophysis and 
the eggs pass down the lumen of the ovipositor, but in 
the aculeate lineage the genital orifice is displaced for- 
wards and the ovipositor is generally not used for egg 
laying. 

In both the aculeates and many smaller parasitoids 
the entire ovipositor mechanism is retracted into the 
metasoma. In its simplest form this is achieved by 
having a short ovipositor and having the gonocoxa 
displaced forwards. During oviposition (or stinging) 
the gonocoxa is rotated so the anterior end moves 
downwards and backwards thus projecting the ovipos- 
itor. In many taxa adopting this strategy the oviposi- 
tor seems to be inserted near to the anterior end of 
the metasoma (e.g. some chalcidoids). In many 
cynipoids the oviposition system is modified still 
further and the IXth abdominal tergite is no longer 
directly involved. In the most modified of such taxa 
(the Ibaliidae) the gonangulum/gonocoxal complex is 
displaced to the anterior end of the metasoma and 
rotated about 270°, so at rest the ovipositor is coiled 
within the metasoma (Fergusson, 1988). In many 
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scelionids and platygastrids the ovipositor, though 
retracted and longer than the metasoma, is not coiled 
but projects internally into a horn on abdominal 
tergite II. Viewed externally, this horn projects for- 
wards over the propodeum and metathorax. In the 
ant subfamily Formicinae the hypopygium is modified 
into a NOZZLE and ACIDOPORE out of which are 
squirted secretions of the various venom glands asso- 
ciated with the ovipositor. In formicines, and also 
dolichoderines, the sting is vestigial and non- 
functional. N 


THE FEMALE REPRODUCTIVE ORGANS AND 
ASSOCIATED GLANDS 


The majority of studies of the internal anatomy of 
Hymenoptera are restricted to few social aculeates and 
common pest symphytans, so it is presently not poss- 
ible to review the anatomy of the order as a whole. 
However, the structure of the internal female repro- 
ductive organs and the associated glands has attracted 
widespread attention from workers studying parasitoid 
physiology (e.g. Davies & Vinson, 1986), symphy- 
tan/host plant interaction (e.g. Spradbery, 1973a), 
ovipositional strategy (e.g. Price, 1974), venom chem- 
istry and defensive behaviour (e.g. Hermann & Blum, 
1981). The following is merely a brief introduction to 
the most commonly employed names for the major 
structures. 

The reproductive organs of the female (Fig. 4.22) 
consist of a pair of OVARIES positioned in the 
abdomen above or lateral to the gut. Each ovary con- 
sists of a number of OVARIOLES, distally tapered tube- 
like structures within which maturation of the oócytes 
takes place (King & Richards, 1969); the number of 
ovarioles is very variable. Within each ovary, the 
ovarioles all open at more or less the same point into 
a LATERAL OVIDUCT. The length of the lateral 
oviduct varies considerably, but plesiomorphically it is 
probably relatively short. Many idiobionts have very 
short lateral oviducts and their reproductive organs 
contain only a few mature eggs, while koinobionts fre- 
quently have long lateral oviducts containing numer- 
ous mature eggs (Pampel, 1914; Iwata, 1960). In 
some species the most distal part of the lateral oviduct 
(near the bases of the ovarioles) is swollen and 
referred to as the CALYX. The two lateral oviducts 
unite medially to form the COMMON OVIDUCT, which 
extends to the base of the ovipositor. The part of the 


common oviduct nearest to the ovipositor is some- 
times referred to as the VAGINA. A small sac-like 
diverticulum, the SPERMATHECA opens into the 
vagina dorsally. The spermatheca acts as a reservoir 
for sperm. It has an associated gland which secretes 
nutrients that enable the sperm to survive in a viable 
state for a considerable period of time (several years in 
some social aculeates). 

Associated with the reproductive tract are two 
major accessory glands, the most conspicuous of 
which is the POISON GLAND (= acid gland; = mucus 
gland sensu Spradbery, 1973a) and its associated 
reservoir, the POISON SAC. In Apocrita, the often 
large, and subspherical poison sac has a muscular 
wall, while its associated gland either consists of a 
mass of fine convoluted tubules, as in some Symphyta 
and Ichneumonidae (Robertson, 1968; Gauld, 1991), 
or is rather simple and consists of a few thickened 
filaments (Robertson, 1968). Ancestrally the poison 
gland probably produced mucilage that coated and 
protected the egg (Robertson, 1968), but in many 
hymenopterans it produces substances which affect 
the ovipositional substrate or larval food source. In 
siricoid symphytans this gland produces a chemical 
that renders the hostplant more suitable for the 
growth of the fungal symbiont, while in Apocrita this 
gland produces complex venoms which primitively are 
used to subdue or kill the host/prey. 

A second gland, which generally has the appear- 
ance of a simple, elongate sac, opens into the vagina. 
This structure, DUFOUR'S GLAND (- alkaline gland), 
is thought to have originally secreted lubricants to 
facilitate the passage of the egg down the ovipositor 
(Robertson, 1968). In the Apocrita this gland is 
known to secrete a range of hydrocarbons and other 
chemicals which have a variety of functions in differ- 
ent hymenopterous groups. In some parasitoids the 
secretion of Dufour's gland is known to act as a host- 
marking semiochemical (Guillot & Vinson, 1972), 
while in ants secretions from this gland serve in 
recruitment and defence (Hermann & Blum, 1981). 
The Dufour's gland of many bees is greatly enlarged 
and secretes a substance that is used to line the nest 
(Duffield et al., 1984; Hefetz, 1987). 


THE MALE GENITALIA AND ASSOCIATED SEGMENTS 


In the male, abdominal segments III to IX (metasomal 
segments II to VIII) are usually normally developed, 


though fusion of some parts may occur, and in some 
taxa the terminal segments are retracted. In many 
Symphyta and possibly some Ichneumonoidea abdom- 
inal tergite X is distinct and separate, but in most 
apocritans tergites IX and X are fused to form a syn- 
tergite. In many aculeates, evaniids, proctotrupoids 
and cynipoids this syntergite may be concealed or 
very reduced and often the cerci are lost. As with the 
female, more studies of the smaller Apocrita are 
needed. The external genitalia of the male are 
attached to the hind margin of the ninth segment. 
Those of all Hymenoptera are quite similar, though in 
small species fusion of some elements has occurred. 
The more delicate parts of the genitalia are contained 
within a roughly conical capsule formed from two 
PARAMERES (= gonosquamae) that are surrounded 
proximally by a sclerotized BASAL RING (= gono- 
cardo) (Fig. 4.20). Ventrobasally this structure is 
usually protected by a small IXth sternite (= subgeni- 
tal plate). Projecting internally from the paramere are 
the VOLSELLAE, In the less specialized lineages the 
distal apex of each volsella is modified into a type of 
pincer comprising a DIGITUS (= gonolacinia) and 
CUSPIS (= distivolsella) (Fig. 4.21) which can be 
brought together to grasp the female during copula- 
tion. Positioned centrally is the bilobate intromittent 
organ, the AEDEAGUS (= penis). 

In many primitive symphytans membranous 
‘cupping discs’ are present on the parameres. The 
male genitalia are twisted in some xyelids and all ten- 
thredinoids. In some aculeates (e.g. Pompilidae) the 
volsella is reduced, but a well-developed distal lobe, 
the PARAPENIAL LOBE, is present. The shape of 
structures of the male genitalia are widely used as 
specific characters in certain groups (e.g. Apidae, 
Pompilidae), but on the whole the form of the male 
genitalia is less useful for species recognition in the 
Hymenoptera than it is in the other major orders. In 
several large groups the male genitalia of most species 
are exceedingly similar, which presumably results 
from females only mating once and the consequent 
lack of sexual selection (Eberhard, 1985). 


Polymorphism is the existence within a species of two 
or more distinct forms of the same developmental 
stage. Purely primary sexual (genitalic) differences are 


generally excluded from consideration, but secondary 
sexual differences are included as polymorphisms, as 
are environmentally induced phenotypic differences. 
Other forms of polymorphism include male dimor- 
phism and two specialized forms of female polymor- 
phism—alternation of generations and: caste 
differentiation. 


ENVIRONMENTALLY INDUCED POLYMORPHISM 


It is well known that changes in the developmental 
environment can cause continuous variation in a 
population of adults (e.g. variation in size may result 
from availability of food), but differences in certain 
physical conditions may result in polymorphism in a 
population. For example, variations in temperature 
are known to produce different coloured morphs of 
many species. Harris (1987) reported that a pompilid 
species reared at 5°C produced black-bodied adults, 
while red-bodied adults emerged from pupae kept at 
20°C regardless of the coloration of the parents. 
Distinct colour morphs of an Aphidius species 
(Braconidae) have been produced by rearing the 
progeny of one female under different temperature 
regimes (Liu & Carver, 1982), and similar environ- 
mental differences also have been shown to induce 
polymorphism in the cuticular sculpture patterns of 
other Aphidius species (Pungerl, 1983). In some multi- 
voltine chalcidoids the overwintering generation is 
darker than summer generations and in Trichogramma 
minutum this has been shown to be the result of 
exposing the pupa to periods of low temperature 
(Flanders, 1931). 

A more striking form of seasonal dimorphism occurs 
in several Chalcidoidea (e.g. Howard, 1937; 
Murakami, 1960), which have morphologically quite 
distinctive early and late season morphs. For example, 
a species of Torymus, which exploits more deeply con- 
cealed hosts in the spring than it does later in the 
year, has an autumn generation with short oviposi- 
tors and a spring generation with a high proportion of 
long ovipositors (Askew, 1971). 

Environmentally induced wing polymorphism is 
quite common in many groups of parasitoids, includ- 
ing ichneumonoids, chalcidoids and  bethylids, 
although little is known about its developmental basis. 
In some cases it seems to be the result of utilization of 
different species of hosts, as is the case in 
Trichogramma sembidlis, where males reared from 


moth eggs are winged whilst those reared from neu- 
ropteran eggs are wingless (Salt, 1937). The size of a 
host may determine whether or not a parasitoid is 
apterous, as is the case of a species of Gelis, where 
males reared on large hosts are fully winged, but 
those reared on small hosts are wingless (Salt, 1952). 
Wing polymorphism within a species may also result 
from local environmental selection. For example, 
brachyptery is often associated with populations of 
small species, such as orthocentrine ichneumonids 
and diapriids, living on windswept off-shore islands, 
while on the mainland such species are generally fully 
winged (Gauld, unpubl.). 


SEXUAL DIMORPHISM 


It is customary to exclude the primary (reproductive) 
sexual differences from this category, but to include all 
the secondary sexual differences. Many Hymenoptera 
show pronounced sexual dimorphism in the extent of 
the development of their wings, in colour pattern and 
in many aspects of their general body structure. This 
is the result of very different selection pressures acting 
on the two sexes. Males are generally short-lived 
flower-feeders whose main function is to mate, while 
the females have a more protracted life, much of 
which is spent searching for and securing a food 
source for their offspring. In thynnine Tiphiidae, 
Mutillidae and many other groups, the female spends 
much of her time searching in crevices and thus does 
not need to be able to fly, whereas the male needs to 
visit flowers and to locate widely dispersed females. 
Consequently it is a widespread feature in the 
Apocrita for males to be fully winged while the 
females are apterous (Table 4.1). However, this 
pattern is often reversed in situations where the males 
mate with the females immediately upon emergence 
then generally die, while females need to fly to 
another site to oviposit, as is the case of the inhabi- 
tants of Ficus syconia (see Chapter 11.1). 

Colour differences are most pronounced in groups 
where the males and females spend much of their time 
in different microhabitats. This is particularly well- 
illustrated in Costa Rica by the Ichneumoninae. In 
this subfamily genera such as Ichneumon and 
Eutanyacra show marked sexual dichromatism; males 
are black and yellow aposematically colour patterned, 
while females are cryptically brown and_ black 
coloured. In these genera the males are commonly 


encountered on flowers, but females are rarely 
encountered because they spend most of their time 
searching for noctuid pupae in the leaf litter or soil. 
Other genera in the same subfamily, such as 
Macrojoppa and Tricyphus, show almost no sexual 
dichromatism. In these taxa females attack hosts 
(such as sphingid larvae or swallowtail butterfly 
pupae) that occur in comparatively exposed situations, 
and like males they are often encountered flying 
around along the edges of paths and in similar habi- 
tats. In some cases, such as in certain Pompilidae, 
males and females may belong to separate chromatic 
mimicry complexes. For example, in South America 
females of Chirodamus are large blackish wasps with 
yellow wings and belong to a mimicry complex that 
includes females of several other pompilid genera, 
such as Priocnemoides and  Priocnemella. Males, 
however, are orange-brown with dark margined 
hyaline wings, and they are mimics of species of 
Apoica and Mischocyttarus (Evans, 1968b). 

Many sexually dimorphic features represent female 
specializations for interaction with the potential off- 
spring's food. Some of the most obvious concern host 
detection, gaining access to the host and host han- 
dling. Host detection/examination generally involves 
using antennae, and in Costa Rica in many microhy- 
menopterous groups (e.g. Chalcidoidea, Scelionidae, 
Eucoilini) there are striking sexual differences in the 
form of these organs. Usually those of the male are 
long and relatively unspecialized, whereas those of the 
female have the terminal segments clavate and richly 
endowed with sensilla. In larger apocritans the differ- 
ences are less pronounced but males usually possess 
more flagellar segments than the female, while 
females sometimes have specialized sensory bristles 
(e.g. Xoridinae) or sensilla-rich flattened areas (many 
Phygadeuontinae). The metasoma of many female 
apocritans is highly modified for gaining access to the 
host/prey (see 4.3 below). Often it is longer and more 
compressed than that of the male, thus allowing the 
female to insert her rear end into narrow crevices. The 
most striking modification of this type is found in the 
family Pelecinidae (Mason, 1984) where females have 
an exceptionally long slender mobile metasoma, 
whereas that of the male is shorter and club-shaped. 
Many female aculeates have modifications to enable 
them to handle the host/prey. For example, most 
female dryinids have the fore tarsus modified into a 
large chela that is used to grasp the prey, while in 


Family 
Ceraphronidae 
Megaspilidae 
Platygastridae 
Scelionidae 
Diapriidae 
Figitidae 


Agaonidae 


Aphelinidae 
Encyrtidae 
Eulophidae 
Eupelmidae 
Pteromalidae 


Torymidae 


Ichneumonidae 


Braconidae 


Bethylidae 
Sclerogibbidae 
Embolemidae 
Dryinidae 
Tiphiidae 


Mutillidae 


Rhopalosomatidae 


Bradynobaenidae 


Formicidae 


Table 4.1. 
Hymenoptera. 


Taxonomic distribution 

Rare: females of several genera 

Rare: females of several genera 

Very rare: females of one genus 

Quite common: females of several genera 
Uncommon: females of few genera 

Very rare: isolated females. 


Very common: all males of Agaoninae and many 
males in other subfamilies in Ficus syconia 


Very rare: female of one species of Aphelinus 
Rare: females of few taxa 

Rare: males and females of few taxa 

Quite common: females of several genera 
Rare: females of some Diparinae 


Very rare: males of isolated Physothorax 
spp. in Ficus syconia 


Rare: females of Gelis spp. 


Rare: few doryctines (males and females); 
male of Psenolobus in Ficus syconia 


Very common: males and females of many genera 
Common: all females 

Common: females of Embolemus 

Common: females of many genera 

Uncommon: females of Thynninae, Methochinae 
Very common: all females 

Uncommon: both sexes of Olixon 


Very common: all females 


Very common: mainly worker females 


Geographical distribution 
Mainly montane, above 2000 m 
Mainly montane, above 2000 m 
Lowlands, up to 1500 m 
Widespread 

Widespread 

Montane species, above 2500 m 


Lowlands to mid altitude, up to 2000 m 


Montane species, above 2500 m 
Widespread 

Widespread 

Widespread 

Lowland to mid altitude, up to 1500 m 


Lowlands to mid altitude, up to 1500 m 


Mid altitude to montane, above 1200 m 


Low to mid elevations, up to about 2000 m 


Widespread; commoner at lower altitudes 
Lowlands up to 3000 m 

Lowlands to mid altitude, 2000 m 
Widespread 

Lowlands to mid altitude, 1600 m 
Lowlands to mid altitude, 1600 m 

Lower elevation sites up to 1300 m 
Lowlands up to 600 m 


Widespread to about 2400 m 


The taxonomic and geographical distribution of aptery and brachyptery in Costa Rican 
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rhopalosomatids the tarsi of females are very broad 
and concave beneath, presumably also an adaptation 
for maintaining a grip on prospective hosts. Most 
female bees are furnished with a scopa for pollen car- 
riage whereas the males are not so modified. 

Another class of sexual dimorphism involves male 
specializations for locating, courting or mating with 
the female. Diprionid and, in Costa Rica, many 
eucharitid males have plumose antennae which are 
probably used (like those of male saturniid moths) for 
detection of female pheromones. Other modifications 
of the male antenna play an important role in 
courtship behaviour. For example, the enlarged scapes 
found in males of Melittobia (Eulophidae) are used to 
cradle the female antenna in confinement during 
mating, and they contain glands which produce non- 
volatile sexual stimulants (Assem et al., 1982a). The 
enlarged scape of some scelionid males, on the other 
hand, probably serves to protect the base of the 
antenna during combat with other males for the 
attention of a female (W.G. Eberhard, pers. comm.). 
The enlarged maxillary palps of male Cyrtogaster 
(Pteromalidae) probably also have a courtship func- 
tion, while the enlarged hind tarsi of some male ich- 
neumonids (Gauld, 1976b) possibly serve as visual 
stimuli to females. A number of species of Apoidea, 
perhaps most notably crabronine sphecids, have parts 
of the fore limbs enlarged (Low & Wcislo, 1992). The 
exact function of these structures is not known but 
the male covers the compound eyes of the female with 
them prior to copulation. 


MALE DIMORPHISM: DIFFERING SEXUAL STRATEGIES 


A small number of species of Hymenoptera have large 
and small males (though in some cases a continuum 
exists between the extremes). In some species of 
Centris bees one morph is often female-like, while the 
other is characteristically larger and more robust 
(called METANDERS). Frequently the large males 
establish territories and fight with other males in 
order to have exclusive copulatory access to a group 
of females. Small males do not establish territories, but 
occasionally manage to 'sneak' into the territories of 
large males and copulate with females surreptitiously 
(Alcock et al., 1978). In a few soil-nesting halictine 
bees the large males may have reduced wings, and a 
disproportionately large head and mandibles; these 
large, flightless morphs fight with one another for 


exclusive occupancy of a communal nest (Kukuk & 
Schwarz, 1988). A similar phenomenon occurs in 
several Chalcidoidea associated with figs—some males 
are winged and presumably mate outside the syco- 
nium, while others are wingless, fight with one 
another, and mate inside the fig (W.D. Hamilton, 
1979). Day (1984) observed sexually dimorphic males 
in species of Cryptocheilus (Pompilidae), Masner 
(Chapter 9) notes that one species of Telenomus 
(Scelionidae) has normal winged males and 
brachypterous males with enlarged heads, and Gauld 
(1991) observed that a Costa Rican species of 
Neotheronia (Ichneumonidae) has a normal and an 
elongate male morph. The functions of the two 
morphs are not known in any of these cases. 


ALTERNATION OF GENERATIONS: FEMALE 
DIMORPHISM 


Most gall wasps (Cynipidae) associated with oaks 
(Fagaceae: Quercus) show a remarkable type of female 
dimorphism that is the result of the alternation of a 
sexual and an asexual generation (HETEROGONY ). 
The sexual generation consists of both males and 
females. After mating, these females lay eggs that 
produce only females (the asexual generation), which 
in turn lay eggs that produce another sexual genera- 
tion. The females of the two generations are often so 
different that they have been described as different 
species (sometimes in different genera!). Typically the 
female of the asexual generation is much larger and 
more robust than the relatively fragile, sexual genera- 
tion female. Usually each generation produces a dis- 
tinct type of gall, often on a different part of the host 
plant (Askew, 1984). 


CASTE DIFFERENTIATION 


As well as the genetically determined differences 
between males and females, eusocial Hymenoptera 
show a differentiation of the female sex into reproduc- 
tive and non-reproductive (worker) castes. This repro- 
ductive division of labour is one of the defining 
characteristics of eusociality. Beyond this however, 
males, reproductive females, or workers may them- 
selves be differentiated into a series of castes (or sub- 
castes) based either upon morphological differences, or 
upon duties on behalf of the colony which vary with 
the age of the individual. Wilson (1979) has defined a 


caste as ‘an ensemble of colony members that special- 
ize on particular tasks for prolonged periods of time’. 
Temporal castes based upon the changing role of the 
individual as it ages are not normally distinguished 
morphologically, but physical castes which are spe- 
cialized to varying degrees for specific tasks are fre- 
quently very obvious in morphological terms. Wilson 
(1971) presented an excellent synopsis of earlier work 
on all aspects of eusocial hymenopteran caste differen- 
tiation, determination, evolution and function, and 
has expanded on many of these ideas in a series of 
more recent works (Wilson, 1976, 1979, 1985, and 
included references; Oster & Wilson, 1978). 


4.3 FUNCTIONAL MORPHOLOGY 


In this section two activities of adult Hymenoptera, 
gaining access to deeply concealed hosts and building 
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of a nest, are examined in some detail. Various mor- 
phological specializations associated with these activi- 
ties are outlined, showing how different lineages of 
Hymenoptera have often developed, in parallel, quite 
different adaptations to execute similar tasks. 


ADAPTATIONS FOR REACHING CONCEALED HOSTS 


There are at least six methods by which female para- 
sitoids obtain access to concealed hosts, and the 
various taxa using each method show characteristic 
morphological specializations. In some cases, subtle 
but quite fundamental differences in, for example, how 
the ovipositor is manipulated suggest a particular 
habit has evolved independently in several fairly close 
lineages. The six methods of obtaining access to con- 
cealed hosts outlined below fall into two cate- 
gories—remote (1 to 4) and proximate (5 to 6). In the 
former the parasitoid uses its ovipositor to penetrate 


Figs 4.23-4.25. Oviposition sequence of a ‘driller’ (Epirhyssa: Ichneumonidae). 4.23, ovipositor reflexed forwards and end posi- 
tioned more or less beneath head; 4.24, insect has adopted drilling posture, drilling site is now beneath mesosoma; 4.25, same 


with ovipositor further in. 


the substrate to search for hosts, but in the latter part 
or all of the parasitoid’s body is inserted into the sub- 
strate to reach a host. 


DRILLERS. Several groups of large ichneumonoids 
(and perhaps stephanids, aulacids and some chalci- 
doids) are capable of drilling through several centime- 
tres of tough plant tissue, or even wood, in order to 
reach a concealed host within. Such insects have a 
rigid, long and generally slightly compressed oviposi- 
tor. Boring is accomplished by the ichneumonoid posi- 
tioning its body more or less perpendicularly to the 
substrate and bringing the tip of the ovipositor for- 
wards, almost beneath the head (Figs 4.23-4.25). 
Throughout the long and apparently arduous process 
of drilling the ovipositor must be supported, and this 
has been achieved in different ways in various phylo- 
genetic lineages. In Costa Rica rhyssine ichneumonids 
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support the ovipositor with paired processes on the 
metasomal sternites, while in labenines grooves in the 
hind coxae perform a similar function. Some mesoste- 
nine ichneumonids apparently support the ovipositor 
with grooved femora, while in the Acaenitinae 
support seems to be provided by the greatly enlarged, 
ploughshare-like subgenital plate. 

Other constraints of this lifeway may be expected to 
result in a range of various and similar adaptations 
being manifested by these insects. Drilling through 
sound timber is a time-consuming process and the 
ichneumonoid is potentially very vulnerable to a 
predator during this period. Perhaps this is why most 
borers are aposematically coloured. Other features 
that drillers have in common, such as the spherical 
head, short chisel-like mandibles and abundance of 
cuticular denticles on the head, legs or mesosoma, are 
probably adaptations to allow the adult to escape from 
its pupation chamber. The denticles or spicules possi- 


Figs 4.26—4.29. Oviposition sequence of a ‘prober’ (Megischus: Stephanidae). 4.26, apex of ovipositor is positioned into hole; 
4.27—4.28, insect backs up working ovipositor into hole as described in text; 4.29, ovipositor fully inserted. 


bly serve to hold the insect rigid while it twists its 
head back and forth, using its mandibles to bite an 
exit tunnel. 


OVIPOSITOR PROBERS. Some groups of ichneu- 
monoids, stephanids (Figs 4.26-4.29), and probably 
also other apocrite groups with long ovipositors, probe 
with their ovipositors through a series of cracks, 
tunnels and fissures in the substrate to reach a con- 
cealed host. A feature of such groups is an ability to 
flex the tip of the ovipositor downwards, a feat that is 
achieved by altering the relative position of the 
unequally sclerotized upper and lower valves (see 
Quicke, Fitton & Ingram, 1992). Although oviposition 
behaviour has rarely been studied in such species at 
least one Costa Rican species, Dolichomitus billorum, is 
known to turn during probing, causing its ovipositor 
to rotate (Wcislo, quoted by Gauld, 1991). This com- 
bination of rotation and flexing permits the explo- 
ration of angled side tunnels by parasitoids exploring 
borings. Probers do not generally have the specialized 
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ovipositor guide structures that are found in the 
drillers, but they often have similar specializations to 
allow them to escape from the pupation site. 


THREADERS. Some parasitoids, such as orussids and, 
in the north temperate region, ibaliids have very long 
ovipositors which are generally concealed coiled 
within the metasoma. In the ibaliids the tergal-gono- 
coxal muscles are degenerate and the ovipositor seems 
to be extruded by contraction of a muscle that swings 
the hypopygium down, followed by contraction of the 
metasoma lengthwise which has the effect of com- 
pressing the coil of the ovipositor (see Chrystal, 1930). 
By this means the coiled ovipositor is extruded and 
probably threaded through pre-existing cavities to 
reach a host (Figs 4.30-4.32). Threaders generally 
have a very slender and ‘springy’ ovipositor and guide 
it with the modified subgenital plate. 


INJECTORS. Like the threaders, these are species in 
which the ovipositor is concealed within the metasoma, 
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Figs 4.30-4.32. Oviposition sequence of a 'threader' (Ibalia: Ibaliidae). 4.30, investigating hole with antennae; 4.31, apex of 
metasoma positioned to hole; 4.32, subgenital plate extended down guiding ovipositor (shown as a dotted line) into hole. The 
metasomal segments telescope inwards extruding the ovipositor. (Redrawn and modified after Chrystal, 1930.) 
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Figs 4.33—4.34. Diagram of metasomal movement of an ‘injector’ (Ceratobaeus: Scelionidae). 4.33, at rest with ovipositor 
retracted; 4.34, ovipositor partially extruded. (Redrawn and modified after Austin, 1983.) 


but rather than being coiled and sprung, the oviposi- 
tor is straight and at rest is housed internally in a 
membranous tube. The invaginated ovipositor system 
is detached from the terminal segments of the meta- 
soma, and is connected to the posterior metasoma 
only by elongated muscles. Long slender apodemes 
arise from the inner surface of the last visible segment 
and project forwards into the body cavity either side of 
the ovipositor (Fig. 4.33). Longitudinal muscles 
extending from the gonocoxa to the last tergite 
(abdominal tergite VIII) effect collapse of the membra- 
nous tube and eversion of the ovipositor (Fig. 4.34), 
while muscles extending from the gonocoxa to the 
apices of the slender apodemes cause retraction of the 
ovipositor (Austin, 1983). This type of system is found 
in a variety of scelionids in the Ceratobaeus species 
complex. 


METASOMAL PROBERS. Several hymenopteran 
groups include species with highly modified, very 
elongate metasomas that are basically used to probe 
into the substrate in search of a host. Unlike the 
groups mentioned above that probe with their oviposi- 
tors, these species have only very short ovipositors. In 
Costa Rica the most extreme forms, where the entire 
metasoma is modified, include the Monomachidae and 


Pelecinidae (Mason, 1984), but rather similar though 
less extreme modifications are found in some ichneu- 
monids that probe for dipterous larvae in crevices, 
such as species of Neurateles (Townes, 1971). All of 
these taxa have the metasoma very elongate and 
slender, often somewhat tapered posteriorly, and 
either depressed or compressed. 

Other species of Hymenoptera gain access to their 
hosts in a similar way, but they have only the termi- 
nal metasomal segments modified. Often this 
modification takes the form of having the anterior or 
central metasomal tergites large and well-sclerotized, 
while the posterior ones are weakly sclerotized and 
telescopic (Fig. 4.35). This is found in Diapriidae 
where the apex of the metasoma is extruded into 
holes in fungi (Huggert, 1979), but such 
modifications are perhaps best developed in some 
chrysidids. Chrysidids, like other aculeates have lost 
the ability to use the ovipositor for laying eggs, thus 
those that parasitize concealed hosts must use other 
means of reaching the host. In Chrysididae the termi- 
nal abdominal segments are telescopic and modified 
into an egg-laying tube (Kimsey, 1992b). This tube is 
membranous and cannot be used to penetrate a hard 
substrate. Therefore, the mandibles are used to chew 
a hole through which the egg-laying tube can be 
inserted. 


Fig. 4.35. A ‘metasomal prober’, a species of Diapriidae inserting its metasoma into a hole in a bracket fungus. 


DIRECT ENCOUNTER. In all of the above groups the 
female parasitoid enters the host substrate only with 
her ovipositor or some portion of the metasoma. 
However, some parasitoids such as pristocerine 
bethylids, completely enter tunnels in the substrate 
which they then explore in order to find a host on 
which to oviposit. In such insects, the morphological 
modifications enabling them to gain ovipositional 
access to their host are mostly in the general form of 
the body. Bethylids typically have a prognathous head, 
a smooth flattened body, and stout (often spinose) legs. 
Most have the genae rather swollen to accommodate 
the enlarged mandibular muscles needed to bite 
through the substrate. Similar morphological adapta- 
tions can be found in the Scolebythidae, thynnine 
Tiphiidae and in members of the pteromalid subfamily 
Spalangiinae, which likewise enter the substrate of 
their hosts. Although they are not carnivorous, agao- 
nine fig wasps must squeeze through the ostiole of a fig 
in order to reach the ovaries, and these wasps also 
have a prognathous head and flattened bodies with 
stout legs. 

Other groups which enter different substrates, such 
as the soil, are frequently similarly but less strongly 
modified. Scoliids, tiphiine tiphiids and some ichneu- 
monines, for example, have similar stout spinose 
legs. 

A few lineages of Hymenoptera include species that 
seek their hosts in freshwater. Such species tend to 
have few obvious morphological specializations in 


common, though most have much longer tarsal claws 
than their non-aquatic relatives. 


ADAPTATIONS FOR NEST BUILDING 


Although aculeate Hymenoptera as a group build 
diverse nests, from the point of view of functional 
morphology four general types of nesting behaviour 
can be distinguished: burrowers that construct 
tunnels in soil; ‘renters’, that make use of pre-existing 
cavities; mud daubers that construct nest pots; and 
resin or wax builders. 


BURROWERS. The most common type of nest con- 
structed by aculeates is a burrow that is excavated in 
the soil. In fossorial pompilids and sphecids the female 
is often equipped with rows of stout, often blade-like 
‘rake’ setae on the front tarsi, and the tarsi themselves 
are commonly flattened (Bohart & Menke, 1976). 
Among ants, some species of Centromyrmex and 
Pachycondyla have stout bristles on the mid tibiae (J. 
Longino, pers. comm.). Other morphological adapta- 
tions of ground-nesting hymenopterans include broad 
mandibles for loosening soil, apically thickened hind 
femora (the apex often forming a flattened plate) that 
are used in pushing soil (scapheutine and cercerine 
sphecids), and a well-developed pygidial plate on the 
last metasomal tergite that is used in pushing and 
compacting soil (many sphecids, pompilids and bees). 
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Many bees (both burrowers and renters) have basitib- 
ial plates (scale-like structures on the outer surface of 
the base of the hind tibia) and spines at the apices of 
the tibiae (also on the outer surface) to provide trac- 
tion on the burrow walls (Michener, 1974a). A few 
pompilids, ants (extratropical species), and sphecids 
(various Sphecini) that nest in sand have a psam- 
mophore, or ‘sand basket’, consisting of long curved 
bristles on the genal area and the ventral margin of 
the mandibles, which is used in conjunction with fore 
leg psammophores to carry sand out of the nest. 


‘RENTERS’. Another common type of nest are those 
constructed in pre-existing cavities, such as beetle 
burrows in wood or in hollow stems. Hymenopterans 
nesting in hollow stems often have elongate slender 
bodies, and examples of this can be found in 
Pseudomyrmex ants, pemphredonine sphecids and 
xeromelissine bees. Hymenopterans nesting in pre- 
existing holes generally close the nest with materials 
that are carried in from elsewhere, and some morpho- 
logical features presumably facilitate this process. For 
example, pompilids of the genus Dipogon have a bifur- 
cate brush of bristles on the maxillary cardo that is 
used to transport closure materials (Richards & Hamm, 
1939). A rather extreme morphological modification 
for closing the nest entrance is found in some species 
of ants belonging to the genus Zacryptocerus, where the 
large, flattened head is used as a closure. Several 
crabronine sphecids use their large quadrate heads in a 
similar manner to temporarily close nests at night. 


MUD DAUBERS. Many masarine and eumenine 
vespids burrow in hard soils and carry water to the 
nest site in order to soften the soil, and some ‘renters’ 
likewise employ mud in making cell partitions and 
closures. However, some pompilids, eumenines (potter 
wasps), sphecids (Sceliphrini and Trypoxylini), and a 
few bees (‘mason bees’) construct free-standing nests 
entirely of mud, and some of these hymenopterans 
show morphological modifications for manipulating 
mud. For example, species of Auplopus (Pompilidae) 
have a single brush of bristles on the mentum that is 
used in manipulating balls of mud while the last meta- 
somal tergite is used as trowel to smooth the interior 
of the cell (Day, 1988). In the eumenine vespids the 
whole body is used to smooth the outside of the mud 
nest while the mandibles and glossa are used as a 
trowel on the inner surface (Iwata, 1976). Among 
mason bees, Chalicodoma has enlarged thoracic labial 
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glands, which presumably provide copious amounts of 
saliva to moisten soil. Polistine and vespine vespids 
construct nests from masticated plant fibres, but show 
several of the modifications mud daubers possess for 
manipulating the viscid construction material. 


RESIN AND WAX NESTS. Bees belonging to the sub- 
families Euglossinae, Bombinae, Meliponinae and 
Apinae are characterized by the development of a cor- 
bicula on the hind tibia, which probably evolved as a 
basket for carrying resin to the nest (Winston & 
Michener, 1977; Michener et al., 1978). These taxa 
are also characterized by metasomal wax glands and 
the wax secreted by these glands is used, either in 
conjunction with resin or separately, in nest construc- 
tion (see Chapter 18). In Bombus, Melipona and Apis 
the mandibles are smooth and somewhat rounded, 
perhaps an adaptation that makes them more suitable 
for shaping wax (see Roubik, 1987). 


4.4 LARVAL MORPHOLOGY 


Hymenopterous larvae are basically of two types. 
Those of the Symphyta are more or less ERUCIFORM 
or caterpillar-like, with a well-developed head capsule 
and more or less discernible thoracic legs. Those of the 
Apocrita, at least in later instars are HYMENOPTERI- 
FORM, that is rather featureless and sac-like, generally 
with a weakly defined head capsule and without legs 
(though thoracic appendages may be present). The 
most comprehensive overview of the larvae of the 
entire order is by Evans (1987a). 

The most extensively studied hymenopterous larvae 
are those of the sawflies and woodwasps, particularly 
the exophytic forms in temperate regions. Notable 
studies include Yuasa (1923), Bird (1927), Parker 
(1935), Lorenz and Krauss (1957) and Wong (1963). 
There are very few morphological studies of neotropi- 
cal sawfly larvae. Although in the family-level treat- 
ment we exclude the Orussidae from the sawflies and 
woodwasps, it is more convenient to discuss their 
larval morphology with that of the woodwasps as 
there are marked similarities between the two groups. 
In general the morphology of apocritan larvae is less 
well-known than that of sawflies, but a number of 
good works exist covering certain groups, especially 
the aculeates. Michener (1953), Grandi (1961) and 
Evans (1987a) gave overviews, and the first and last 
authors provided keys to families. Larvae of the para- 


sitic Hymenoptera are reviewed by Clausen (1940b), 
Hagen (in DeBach, 1964), and Finlayson and Hagen 
(1977), the latter providing an excellent bibliography 
of the scattered larval descriptions. Cutler (1955) and 
Roskam (1982) have attempted to apply a uniform 
terminology to the final instar larvae of some 
Chalcidoidea. Other important publications on apocri- 
tan larvae include: Brothers (1972)—Mutillidae; 
Capek (1970, 1973)—Braconidae; Evans (1964), 
1964c)—Sphecidae; Jackson (1961)—Mymaridae; 
Maneval (1936)—Pompilidae, Sphecidae and 
Chrysididae; Maple (1947)—Encyrtidae; McGinley 
(1981)—Apidae; Parker (1924), Parker & Thompson 
(1925)—Chalcidoidea; Reid (1942)—Vespoidea; Short 
(1952, 1978)—Ichneumonoidea; Wharton (1989b)— 
Embolemidae; Wheeler & Wheeler, 1976—Formicidae. 
Despite the existence of this considerable body of liter- 
ature, and a much larger number of small papers, 
many taxa amongst the smaller parasitoids need to 
be studied in more detail, and the larvae of several 
families, including the  Sierolomorphidae and 
Scolobythidae, have yet to be described. 

For convenience the following account of morphol- 
ogy is divided into three sections, the symphytan 
larva, the hymenopteriform apocritan larva, and the 
early-instar parasitoid larvae. 


THE SYMPHYTAN LARVA 


Symphytan larvae resemble caterpillars, though those 
that live in concealment generally have less well- 
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developed features, such as legs and antennae, and a 
few are legless and somewhat grub-like. 

The symphytan larval head is well-sclerotized, 
hemispherical and usually hypognathous (Fig. 4.36), 
though it is more or less prognathous in some leaf- 
mining species. It generally bears setae, which are 
most numerous ventrally. Viewed anteriorly, the most 
conspicuous feature of the head is an inverted Y- 
shaped suture, the EPICRANIAL SUTURE. The median 
part of this is the MEDIAN ECDYSIAL LINE (= coronal 
suture) and laterally are the FRONTAL SUTURES. The 
dorsal part of the head and the area lateral to these 
sutures is the FRONTO-PARIETAL region, and this is 
confluent ventrally with the GENA. Between the 
frontal sutures is the FRONS which is demarcated 
ventrally from the CLYPEUS by the EPISTOMAL 
SUTURE (= frontoclypeal suture). Ventrolaterally on 
either side of the head is an ANTENNA, and close to it 
a STEMMATUM (= ‘ocellus’). In the Tenthredinoidea 
and the Macroxyelinae the stemmatum is dorsal to the 
antenna, but in other Xyelidae, the Megalodontoidea 
and the Cephoidea it is positioned more posteroven- 
trally. In siricoids and orussoids the stemmata are 
absent. Antennae are present in all symphytans. 
Generally they are inserted on a large convex basal 
ANTACORIA and may have from one to seven seg- 
ments. These segments are usually strongly sclero- 
tized, more or less ring-like; the more distal segments 
are successively smaller in diameter, and the most 
distal segment is more or less conical. In most 
tenthredinoids the antenna is 3- to 5-segmented, 
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Figs 4.36-4.37. Heads of larval Hymenoptera. 4.36, Tenthredinidae; 4.37, Ichneumonidae. 
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though argids have one and cimbicids two segments. 
The more primitive sawflies tend to have more seg- 
ments (six or seven in xyelids, pamphiliids and blasti- 
cotomids) while the endophytic taxa generally have a 
reduced number (e.g. one in siricids). 

The CLYPEUS is more or less distinctly delineated. 
Ventrally it is separated from the labrum by the 
CLYPEO-LABRAL SUTURE and its lateral margins are 
free. Some authors recognize it as comprising two 
parts, the proximal POSTCLYPEUS and a distal PRE- 
CLYPEUS. It bears between 2 and 10 setae; their 
number and positions are of taxonomic importance. 
The LABRUM is usually transverse and often has a 
small median emargination; in many taxa the two 
lobes are of different size so the labrum is asymmetri- 
cal. The labrum also bears a number of taxonomically 
important setae. The MANDIBLES are characteristi- 
cally short and stout with several short, rather blunt, 
apical teeth; usually they are asymmetrical. The MAX- 
ILLAE are always present and typically each comprises 
a basal CARDO and a distal STIPES. The PALPIFER is 
a more or less membranous, mound-like lobe attached 
to the distal end of the stipes; distally it bears one or 
more setae and the MAXILLARY PALP. Typically this 
palp is 4-segmented, but in endophytic species it is 
reduced; for example, it is 2-segmented in the 
Siricoidea. The GALEA and LACINIA are present in all 
taxa except orussids. The LABIUM consists of a POST- 
MENTUM (= prementum sensu Lorenz € Krauss, 
1957), PREMENTUM and a MEDIAN TERMINAL 
LOBE (= totaglossa) which is formed from fusion of 
the glossae, paraglossae and part of the hypopharynx. 
The labial palp is normally 3-segmented, but in many 
endophytic taxa the number of segments is reduced. 
Near the distal end of the median terminal lobe is the 
opening for the duct of the silk gland, the SPINNERET 
(= sericos). 

The segments of the THORAX generally bear dorsal 
wrinkles, the ANNULETS. A large mesothoracic spira- 
cle is present laterally on the prothorax near its pos- 
terolateral margin (Yuasa, 1923) and a small 
metathoracic spiracle is usually visible above and 
behind the middle leg. In the  Xyeloidea, 
Megalodontoidea and most Tenthredinoidea there are 
three pairs of well-developed legs and the coxa, 
trochanter, femur, tibia and a fused tarsus + tarsal 
claw are recognizable. In endophytic species of all 
sawfly groups the parts may be fused and the legs are 


rather fleshy; in orussids legs are not discernible 
(Middlekauff, 1983). 

The ABDOMEN typically is composed of ten seg- 
ments which, with the exception of the posterior two, 
are more or less similar in structure in that they bear 
spiracles laterally and are dorsally subdivided into four 
to seven annulets. Typically PROLEGS are present on 
the second to the seventh or eighth and the tenth 
segment. Only in the Xyelidae are prolegs found on 
the first and ninth segments. In many endophytic ten- 
thredinids the prolegs are vestigial and they are 
entirely absent in the Blasticotomidae, Siricoidea, 
Cephoidea, Orussoidea and Megalodontoidea, though 
in the last mentioned group weak fleshy lobes may be 
discernible ventrally on some segments. The ninth 
segment does not bear a spiracle and the tenth 
segment is highly modified and does not have 
annulets. Posteriorly the tenth segment bears two 
membranous lobes, a SURANAL LOBE above the 
anus, and a SUBANAL LOBE below it. The tenth 
segment may possess various processes. In the 
Siricoidea and Cephoidea a median posterior 
SURANAL PROCESS (= postcornu) is present on the 
suranal lobe, while in Nematinae a pair of conical 
CAUDAL PROTUBERANCES (= pseudocerci or ‘cerci’) 
are present on the posterior margin of the tergite 
above the suranal lobe. In the Megalodontoidea 
paired, segmented SUBANAL APPENDAGES 
(arthrostyli or ‘cerci’) are present ventral to the lateral 
ends of the anal slit. 


THE HYMENOPTERIFORM APOCRITAN LARVA 


Amongst the Apocrita the generalized larval morphol- 
ogy is best illustrated by the HYMENOPTERIFORM 
(eucephalous) larva. The later instars of all taxa 
(except Eucharitidae) are of this general form. The 
hymenopteriform larva is spindle-shaped and maggot- 
like, with whitish translucent skin that is generally 
rather smooth, though it may bear small spines or 
bristles. The head is usually hypognathous, hemi- 
spherical, and weakly to moderately strongly scler- 
otized. In many mature larvae the head capsule is 
partially retracted into the thorax. The remainder of 
the body is rather featureless, and usually has 12 to 
13 visible segments. The number of pairs of open spir- 
acles in the mature larva varies from ten (most 
Aculeata), to nine (many Chalcidoidea and most 


Ichneumonoidea), or fewer (many Proctotrupoidea); 
larvae of Mymaridae and Trichogrammatidae appar- 
ently never develop tracheal systems. Among ectopar- 
asitic species the number of spiracles usually remains 
constant in Ichneumonoidea whereas first instar 
Chalcidoidea often have only four or five pairs of spir- 
acles (Hagen in DeBach, 1964). Many endoparasitic 
first instar larvae respire cutaneously and are 
apneustic (without open spiracles). The form of the 
tracheal trunks and commissures are poorly studied, 
but of potential taxonomic value. 

The head of the hymenopteriform larva resembles 
that of the Symphyta in general appearance, though it 
differs in that the sensory organs and appendages are 
generally reduced (Fig. 4.37). The antennae, if present, 
are 1-segmented and either nipple-like or disc-like; no 
stemmata are present. The head typically bears a pair 
of mandibles, which may be more or less elongately 
conical, slightly curved and terminate in a single tooth 
(e.g. most Ichneumonoidea; many Formicidae and 
Apidae), or they may be stouter with two (some polis- 
tine Vespidae), three (Stephanidae, Trigonalyidae, 
Gasteruptiidae, Scoliidae, eumenine Vespidae), or four 
teeth (Tiphiidae, Mutillidae). In some families the 
number of mandibular teeth in the mature larva is 
quite variable (e.g. 1 to 4 in Formicidae and 2 to 5 in 
Sphecidae), and within a species the number of teeth 
may increase in progressive instars (Edwards, 1980). 
In many taxa auxiliary denticles are present on the 
distal dorsal surface (e.g. many Apidae—McGinley, 
1981; some Ichneumonidae—Short, 1978), or on the 
ventral surface (e.g. some Braconidae—Finlayson & 
Hagen, 1977). The maxillae are generally rounded and 
fleshy and protrude from each side of the head. In most 
aculeates two nipple-like projections (the 1-segmented 
palp and galea) are discernible distally, but in apids 
and many parasitoids the maxilla is very reduced with 
only a small vestigial palp discernible distally. The 
labium is divided by a weak transverse furrow into a 
postmentum and prementum; the latter bears a pair of 
apical tubercles which seem to be vestigial 1-seg- 
mented palps. In most Apocrita a median, slit-like 
orifice of the silk gland is present on the labium 
(the spinneret), although most Sphecidae (except 
Ampulicinae and Sphecinae) have a pair of openings. 

In Ichneumonidea the maxillae and labium barely 
project and the most conspicuous features of the head 
are the sclerotized rods that are often present at the 


junction between the weak sclerites. Michener (1953) 
recognized six main sclerotized rods, for which we 
have adopted the terminology of Short (1952, 1978). 
The EPISTOMA follows the course of the epistomal 
suture and surrounds each anterior tentorial pit; it is 
often weakly sclerotized mediodorsally and not appar- 
ent, and in such cases the epistomal arch is said to be 
incomplete. Lateral to the mandible is the PLEU- 
ROSTOMA, which bears processes on which the 
mandible articulates. The dorsal end of the pleu- 
rostoma is confluent with the epistoma and its ventral 
end is confluent with the HYPOSTOMA, a rod that 
extends from near the ventral articulation of the 
mandible to the posterior tentorial pit. A HYPO- 
STOMAL SPUR projects ventrally from the hypostoma 
across the stipes and fits in a depression on the 
sclerotic rod (the STIPITAL SCLERITE) that supports 
the maxilla ventrally. The medial end of each stipital 
sclerite fits into a socket in the LABIAL SCLERITE, a 
more or less U-shaped sclerite that borders the labium 
laterally and ventrally. In many taxa a more or less Y- 
shaped PRELABIAL SCLERITE is also present; the 
arms of this sclerite support the opening of the silk- 
press and consequently this sclerite is best developed 
in taxa which spin a thick cocoon. 

The Proctotrupoidea, Cynipoidea, and Chalcidoidea 
are characterized by extreme reduction of all of the 
mouthparts except the mandibles. The labium and 
maxillae are often indistinguishably fused with the 
hypopharynx (Roskam, 1982) and the palpi are dis- 
tinguishable only as minute papillae, or are absent. In 
some ectoparasitic Chalcidoidea well-developed setae 
are present on the head and body and the position 
and number of these is important in discriminating 
species (e.g. in the Eurytomidae; Roskam, 1982). 


THE EARLY INSTAR PARASITOID LARVAE 


Although the early instars of many aculeate apocri- 
tan larvae are more or less hymenopteriform and suc- 
cessive larval instars resemble each other, 
HYPERMETAMORPHOSIS (= heteromorphosis) is rela- 
tively common amongst parasitic species. In these 
species the first, and less commonly the second, instar 
is highly modified and differs markedly from succes- 
sive larval instars. Some of these specialized first 
instars are typical of a particular mode of life (e.g. 
planidia and microtype), while others are restricted to 
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Figs 4.38-4.44. First instar larvae of Apocrita. 4.38, Braconidae, Pygostolus, lateral view; 4.39, Braconidae, Brachistes, lateral 
view; 4.40, Braconidae, Opius, ventral view; 4.41, Perilampidae, Perilampus, ventral view; 4.42, Braconidae, Macrocentrus, 
ventral view; 4.43, Figitidae, Kleidotoma, lateral view; 4.44, Platygastridae, Synopeas, ventral view (after Gauld & Bolton, 1988). 


the members of a particular taxonomic group. The fol- 
lowing ‘classification’ of larval types (first outlined by 
Clausen, 1940b) is largely an artificial one based on 
superficial resemblance, but it is useful because para- 
sitoid species of many groups tend to have larvae of 
one or other form. Only a few taxonomically isolated 
species (Agriotypus and Collyria in the Ichneumonidae) 
with an unusual biology are known to have distinc- 
tive larvae that cannot be satisfactorily placed in this 
classification. However, the early stages of a very large 
number of parasitoids are, as yet, unknown. 


PLANIDIUM (Fig. 4.41). A minute larva with a 
fusiform body that is usually ventrally flattened, seg- 
mented, with the segments moderately sclerotized and 
bearing stout setae and/or spines. This type of first 
instar larva is found in a variety of parasitic species that 
deposit their eggs apart from the host (e.g. Eucharitidae, 
Perilampidae, Euceros in the Ichneumonidae). The larva 
is initially free-living, during which time it has to locate 
its host. The sclerotized body prevents desiccation and 
the spines facilitate forward movement. The detailed 
anatomy of chalcidoid planidia was investigated by 
Heraty and Darling (1984). 


MICROTYPE. An extremely small, maggot-like larva 
that hatches from a minute egg. The egg hatches only 
if it is ingested by a caterpillar. Upon hatching the 
microtype larva then makes its way from the gut to 
the body cavity of the caterpillar. Among 
Hymenoptera this type of first instar occurs only in 
Trigonalyidae, but outside Hymenoptera it occurs in 
several tachinid dipterans. 


CAUDATE (Fig. 4.38). A rather unspecialized, dis- 
tinctly segmented larva with a long fleshy caudal 
appendage arising from the last abdominal segment. 
There has been considerable discussion about the 
function of this appendage (Thorpe, 1932; Finlayson, 
1964) and it may have a respiratory function. If 
present, a caudal appendage is usually well-developed 
in the first larval instar and is progressively lost in 
later stages; frequently it is not discernible in the final 
larval instar. The caudate larva is of common occur- 
rence in many endoparasitic ichneumonoids, but is 
rare in other groups. 


VESICULATE (Fig. 4.39). Rather similar to a 
hymenopteriform larva, but the proctodeum is evagin- 


ated to form a more or less spherical external vesicle 
(Thorpe, 1932). The vesiculate larva is common 
among endoparasitic Braconidae. Some ichneumonid 
larvae are intermediate between caudate and vesicu- 
late in that the larva has a short caudal appendage 
with a small vesicle near its base (Bledowski & 
Krainska, 1926). 


MANDIBULATE (Fig. 4.40). The thorax and abdomen 
of this larva taper posteriorly and are distinctly seg- 
mented; the head is large (frequently up to one third 
of the body length), more or less prognathous, quite 
heavily sclerotized and bears a pair of large sickle- 
shaped mandibles. In parasitoids where the early 
instars fight this form of larva is particularly common. 
It occurs in both endoparasitoids (Clausen, 1940b) 
and ectoparasitoids (Spradbery, 1969, 1970b). 


CYCLOPIFORM (Fig. 4.44). An endophagous larva 
with a large unsegmented cephalothorax bearing con- 
spicuous, well-developed falcate mandibles. The 
abdomen is slender, has few apparent segments, and 
generally terminates in a bifurcate caudal appendage. 
This larva is only found in some Platygastridae. 


EUCOILIFORM (Fig. 4.43). A weakly segmented larva 
with a moderately large head, a barrel-shaped body 
and a long caudal appendage. The thorax bears three 
pairs of long fleshy ventral processes. This type of 
larva is characteristic of certain Cynipoidea (e.g. 
Figitinae). All of these endophagous larvae appear to 
have a polypodeiform second instar. 


TELEAFORM (Fig. 4.46). An unsegmented larva with 
a weak constriction between the cephalothorax and 
abdomen. The former generally bears a pair of large 
ventrally directed fleshy protuberances 
(? mandibles). The abdomen is subspherical and has a 
partial ring or one or more rings of long posteriorly 
directed bristles. The abdomen generally terminates in 
a slender fleshy caudal appendage. This endophagous 
larva is of wide occurrence in the Scelionidae. 


MYMARIFORM (Fig. 4.47). Quite similar to the 
teleaform larva, but without an obvious constriction 
between the cephalothorax and abdomen. The head 
bears a conical process anteriorly. This type of 
endophagous larva is found in many Mymaridae and 
Trichogrammatidae (Jackson, 1961). In at least one 
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Figs 4.45—4.51. Larvae and eggs of Apocrita. Figs 4.45-4.47. Larvae; 4.45, final instar larva of Megachile (Apidae), lateral 
view; 4.46, first instar larva of Telenomus (Scelionidae); 4.47, first instar larva of Polynema (Mymaridae). Figs 4.48-4.51. Eggs; 
4.48, Netelia (Ichneumonidae); 4.49, Tryphon (Ichneumonidae); 4.50, Blastothrix (Encyrtidae); 4.51, Eupelmus (Eupelmidae) 
(after Gauld & Bolton, 1988). 


species of trichogrammatid this larva has a segmented 
abdomen and is somewhat cyclopiform, though it 
lacks the characteristic mandibles and bifurcate tail of 
cyclopiform larvae. 


SACCIFORM. An ovoid featureless larva that lacks 
visible segmentation and setae. This type of first instar 
is found in some species of Mymaridae, 
Trichogrammatidae and Dryinidae. 


ENCYRTIFORM. These are among the few metap- 
neustic larvae that occur in Hymenoptera—i.e. there 
is only a single pair of spiracles present and these 
occur on one of the posterior segments. The larva is 
oriented with its spiracles inside the egg stalk and the 
latter protrudes through the body wall of the host 
(Maple, 1947). This type of larva occurs in many 
Encyrtidae. Intermediate instars maintain contact 
with the egg but the final instar usually has the 
normal nine pairs of spiracles (peripneustic). 


The intermediate larval instars usually resemble the 
final instar (i.e. they are hymenopteriform), but a few 
groups have unique intermediate stages. Certain 
figitids with eucoiliform first instar larvae, helorids 
and some proctotrupids possess a POLYPODEIFORM 
second instar larva—a cylindrical, segmented larva 
that bears paired fleshy processes ventrally. Similar 
larvae are also found in some braconids (Fig. 4.42). 
The final instar larva of some eucharitids is of a rather 
similar form (see Michener, 1969). Mymaridae with 
sacciform first instar larvae moult into a HISTRIOB- 
DELLID second instar (Jackson, 1961)—a cylindrical 
larva with six body constrictions, a pair of fleshy lat- 
eroventral appendages on the head (in addition to 
extruded, slender mandibles) and a caudal segment 
bearing a pair of ear-like appendages. Trigonalyidae, 
which have microtype first instar larvae, moult into a 
hymenopteriform second instar, then into a mandibu- 
late third instar, which is followed by two final 
hymenopteriform instars. 


Sexual dimorphism in larvae may occur with no 
obvious differences in the biology between the two 
sexes as in some Mymaridae (Tooke, 1955), but the 
most striking cases of sexual dimorphism occur in 
Aphelinidae where female and male larvae differ bio- 
logically (see Chapter 11.2). A different type of larval 
dimorphism occurs in some polyembryonic Encyrtidae, 
where one type of larva is a ‘guard’ morph that fails to 
mature while the other is a normal feeding morph that 
gives rise to an adult encyrtid (Cruz, 1981, 1986a, b). 


THE PARASITOID EGG 


The great majority of parasitoids have a more or less 
ellipsoidal egg with a thin chorion with weak or more 
or less no surface sculpturing. A few taxa, however, 
have structurally highly modified eggs. Those of many 
wood-boring Hymenoptera, such as rhyssine ichneu- 
monids, are exceedingly elongate, up to 14 mm long 
and only 0.4 mm wide at maximum (Iwata, 1958). 
The slender part of these eggs passes down the lumen 
of the ovipositor until it protrudes apically, then the 
egg contents are squeezed from the innermost swelling 
through the ovipositor to the distal part, before the 
remainder of the egg passes down the ovipositor. The 
eggs of tryphonine ichneumonids have a thickened, 
incompressible chorion and are furnished with an 
“anchor” (Figs 4.48—4.49) which is inserted into the 
host’s cuticle to anchor the egg externally. Eggs of 
anomalonine ichneumonids are shaped rather like an 
old-fashioned oil-lamp, and have a mushroom-like 
protuberance which is used to attach the egg to an 
organ within the host's haemocoel (Gauld, 1976b). 
Amongst the Chalcidoidea many Encyrtidae have eggs 
with a more or less funnel-like appendage (Fig. 4.50), 
the end of which protrudes from the host after oviposi- 
tion. It apparently functions as a respiratory cornus 
(Clausen, 1940b). Some eurytomids, which oviposit in 
plant tissue, have pedicellate eggs (Fig. 4.51), and 
these show species-specific patterns of chorionic 
microsculpture (Claridge & Askew, 1960). 
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5,1 PHYLOGENETIC 
RELATIONSHIPS OF THE 
ORDER 


The Hymenoptera is a very distinctive group of 
holometabolous insects whose monophyly is attested 
by several synapomorphies including: the possession 
of two pairs of membranous wings, the smaller hind 
pair of which are coupled to the larger fore pair by 
one or more small hooks (the hamuli), and possession 
of a haplo-diploid sex determination mechanism 
whereby diploid fertilized eggs normally give rise to 
females and haploid unfertilized eggs normally give 
rise to males. Females primitively have a lepismatid 
form of ovipositor (Scudder, 1961), which may be a 
secondarily derived (apomorphic) feature, or may 
represent a retention of the ancestral condition for 
insects. 

The origin and relationships of the Hymenoptera 
are poorly understood and at various times it has been 
suggested that the group is closely related to almost 
every other order of holometabolous insects (see 
review in Hennig, 1981). In more modern works 
there is a marked dichotomy of opinion about the 
ancestry of the order. Königsmann (1976) suggested 
that they are probably the sister-group of the 
Mecopteroidea, a group that includes the orders 
Mecoptera, Trichoptera, Lepidoptera, Diptera and 
Siphonaptera, and this view is supported by 
Kristensen (1975). Rasnitsyn (1980) challenged this 
hypothesis and suggested that the Hymenoptera repre- 
sents one evolutionary lineage from the extinct order 
Miomoptera, while all the other extant holometa- 
bolous orders constitute a separate evolutionary 
lineage that has arisen independently from 
miomopteran ancestors. 


5.2 EVOLUTIONARY ee OF 
THE ORDER ; 


The Hymenoptera has existed for more than 220 
million years. Their earliest representation in the fossil 
record is as xyeloids in Middle Triassic strata from 
Central Asia (Rasnitsyn, 1969) and the Upper Triassic 
from Australia (Riek, 1955). By the early Jurassic, 
some 180 million years ago (mya), the group had radi- 
ated extensively and twenty one families were repre- 
sented (Rohdendorf, 1968; Rasnitsyn, 1969, 1980). 
Many of these are now extinct, but the modern families 
present in this fauna include Anaxyelidae, Siricidae, 
Xyelidae and, among the apocritans, Heloridae and 
Megalyridae. The Jurassic (135-200 mya) hymenopter- 
ous fauna was dominated by species of the superfami- 
lies Xyeloidea, Siricoidea and Megalodontoidea, 
phytophagous groups that were probably associated 
with pteridophytes, gymnosperms and other non- 
flowering vascular plants that were the dominant vege- 
tation at the time. Many modern representatives of 
these groups are now mostly confined to northern 
temperate regions where they are still associated with 
non-flowering plants, especially species of Coniferae. 
Although the earliest tenthredinoids appeared in the 
Upper Jurassic (ca 140 mya) most of the modern ten- 
thredinoid families appeared towards the end of the 
Cretaceous (95 mya). It is possible that these, and most 
of the apocritan families, arose with the radiation of the 
angiosperms in the late Cretaceous. By the middle of the 
Palaeocene (ca 55 mya) all extant hymenopteran super- 
families, and most of the families were represented. 


THE EVOLUTIONARY HISTORY AND RELATIONSHIPS OF 
THE SYMPHYTA 


The sawflies and woodwasps, which are traditionally 
classified as the suborder Symphyta, include the struc- 
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turally most primitive Hymenoptera as well as those 
that appeared first in the fossil record. The very earl- 
iest symphytan fossils are the xyeloids (Rasnitsyn, 
1980), and some members of this group show archaic 
features that appear to have been lost in other 
hymenopterans. For example, xyeloids have the most 
extensive wing venation of any Hymenoptera; some 
have veins 1rs-m and Rs2 present in the fore wing. 
The xyeloid thorax is also very primitive for, like some 
neuropteroids, the anepisternum is confluent (as a 
small anterodorsal lobe) with the preepisternum. All 
Hymenoptera, other than xyelids, have the anepister- 
num separated from the preepisternum and detached 
as a separate sclerite, the postspiracular sclerite 
(Gibson, 1993). This observation supports the hypoth- 
esis of Rasnitsyn (1969, 1980, 1988) that the 
Xyelidae is the ancestral group from which all other 
Hymenoptera are derived. However, it does not 
support Rasnitsyn’s other postulate, a diphyletic origin 
for the order from a xyelid ancestor, with one 
lineage, the tenthredinoid line, arising from the 
Macroxyelinae, and all other Hymenoptera arising 
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from the Xyelinae. Other attempts at reconstructing 
the phylogeny of Hymenoptera using extant material 
(e.g. Königsmann, 1977, 1978a, b) or by study of par- 
ticular character suites (e.g. N.F. Johnson, 1988; 
Whitfield et al., 1989) also have failed to support this 
diphyletic arrangement, although the monophyly of 
the Tenthredinoidea is supported by a number of fea- 
tures of both adults and larvae (Königsmann, 1977; 
Gibson, 1985). A synthesis of current opinion regard- 
ing the phylogenetic relationships of the higher taxa 
in the order is shown in Fig. 5.01. Here the five lin- 
eages of non-xyelid hymenopterans (Tenthredinoidea; 
Megalodontoidea; Cephoidea; Anaxyelidae; remaining 
siricoids + orussoids + apocritans) are shown as an 
unresolved polychotomy. 

All extant members of the Tenthredinoidea, except 
the Blasticotomidae, are strophandrous, i.e. have the 
male genitalia rotated 180° prior to eclosion. This 
lineage first appeared in the fossil record in the Middle 
Jurassic (ca 160 mya) where it is represented by the 
very primitive extinct family Xyelotomidae. Rasnitsyn 
(1980, 1988) hypothesized that this family is 


XYELOIDEA 
TENTHREDINOIDEA 
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Fig. 5.01. The phylogenetic inter-relationships of the major hymenopterous groups, mainly after Rasnitsyn (1988), but leaving 
stephanids as Rasnitsyn (1980) and replacing Rasnitsyn's concept of a diphyletic origin for the group from the Xyelidae with 
Gibson's (1993) interpretation of the Xyelidae as the most primitive group of Hymenoptera. !— ‘Siricoidea’. The relationship of 
the Xiphydriidae and Siricidae is problematic as there is some evidence for the relationship shown here, and some suggesting 


they comprise a monophyletic group (see text). 


ancestral to all other tenthredinoids and may have 
radiated at the end of the Jurassic (135 mya) giving 
rise to three lineages, the Blasticotomidae, the Argidae 
+ Pergidae + Electrotomidae, and the Tenthredinidae 
+ Cimbicidae + Diprionidae. The Tenthredinoidea is 
quite well-represented in early Cenozoic strata, and 
during the Palaeocene and Eocene (40-65 mya) the 
group may well have been the dominant exophytic 
leaf-eating group of insects. Their major potential 
competitors, the macrolepidoptera, are not conspicu- 
ous until the Oligocene (ca 35 mya), but by the 
Pliocene (ca 9 mya) macrolepidopterans appear to 
have been more common than: tenthredinoids 
(Rasnitsyn, 1980). 

The remaining traditional symphytans are generally 
classified in three or four superfamilies, the 
Megalodontoidea, Cephoidea, Siricoidea and Orussoidea. 
The orussids are sometimes included in the Siricoidea 
(e.g. Krombein et al., 1979), but more recently they 
also have been included in the Apocrita (Rasnitsyn, 
1980; see below). Of these four superfamilies, the 
Megalodontoidea appeared first in the fossil record 
where it is represented in the lower Jurassic (ca 185 
mya) by the extinct family Xyelydidae. The Siricoidea 
also appeared at the beginning of the Jurassic but 
attained its greatest diversity by the late Jurassic (140 
mya) when it was represented by five families, 
Siricidae, Anaxyelidae, Gigasiricidae, Sepulcidae and 
Pararchexyelidae (Rasnitsyn, 1980). The last three 
are now extinct, and the Anaxyelidae is represented in 
the modern fauna by a single western North 
American species. Orussids date from the Upper 
Jurassic (ca 140 mya), while the Cephoidea did not 
appear until the Lower Cretaceous (ca 110 mya), pos- 
sibly from a sepulcid ancestor (Rasnitsyn, 1988). 


THE ORIGIN OF THE APOCRITA 


It is universally accepted that the apocritan 
Hymenoptera arose from a symphytan ancestor, but 
to which group it is in fact most closely related has 
been the subject of some disagreement. Both the 
Orussoidea and Cephoidea have been postulated as 
being candidates (Kónigsmann, 1977; Rasnitsyn, 
1980), but the overwhelming majority of morphologi- 
cal evidence now favours the former (Gibson, 1985; 
N.F. Johnson, 1988; Rasnitsyn, 1988; Whitfield et al., 
1989). Indeed none of these authors found any mor- 
phological evidence to support a sister-group relation- 


ship between the cephids and apocritans. Evidence, 
based on study of the pro- and mesothorax (Gibson, 
1985), the mid coxal articulation (N.F. Johnson, 
1988) and the metapostnotal structure (Whitfield et 
al., 1989) suggests that the Apocrita and Orussidae 


are sister-groups (see also Chapter 7). The 
Xiphydriidae may be a sister-group to these and the 
Siricidae the sister-group of all three (Gibson, 1985; 
Rasnitsyn, 1988), although Whitfield et al. (1989) 
found evidence suggesting the Xiphydriidae and 
Siricidae comprise a monophyletic lineage. 


THE EVOLUTIONARY HISTORY AND RELATIONSHIPS 
OF THE APOCRITA 


The oldest indisputable apocritan fossils, proc- 
totrupoids, occur in middle Jurassic sediments 
(ca 160 mya) in Central Asia, and by the late Jurassic 
(ca 150 mya) eight families, including representatives 
of the Evanioidea, Stephanoidea, Megalyroidea and 
Proctotrupoidea are evident. The major radiation of 
the Apocrita apparently occurred during the 
Cretaceous (65-135 mya), and in late Cretaceous 
deposits all superfamilies, and many of the extant fam- 
ilies, are present. 

The evolutionary relationships of the major taxa of 
the Apocrita are far from clear, and conflicting pat- 
terns of character state distribution have yet to be 
resolved. Relationships between superfamilies are 
obscure and indeed, the monophyly of several super- 
families is not clearly demonstrable. For example, the 
Proctotrupoidea is generally regarded as a poly- 
phyletic convenience group, and the position of the 
Evaniidae with the other evanioid families is ambigu- 
ous (cf. Gibson, 1985; N.F. Johnson, 1988). On the 
basis of extensive palaeontological data and morpho- 
logical examination Rasnitsyn (1975, 1980, 1988) 
proposed a revolutionary classification. In his 1980 
work Rasnitsyn divided the traditional apocritans into 
four infraorders—the Stephanomorpha, Evaniomorpha, 
Ichneumonomorpha and Vespomorpha. The first of 
these comprises the single extant family Stephanidae, 
while the Vespomorpha is equivalent to the Aculeata. 
The distinctness and monophyly of both is widely 
accepted by most workers. Rasnitsyn’s (1980) concept 
of the Evaniomorpha comprised the evanioids, cer- 
aphronoids, trigonalyids and megalyrids, while his 
Ichneumonomorpha consisted of the ichneumonoids, 
chalcidoids, proctotrupoids and cynipoids. In 1988 


Rasnitsyn modified this arrangement somewhat, 
placing the proctotrupoids, chalcidoids and cynipoids 
in a separate group, the Proctotrupomorpha. 

Gibson (1985) found synapomorphies supporting a 
clade Megalyridae + [Ceraphronidae + Megaspilidae] 
but failed to find evidence to link these groups to other 
evaniomorph taxa. Norman Johnson (1988) character- 
ized Rasnitsyn’s 1980 grouping of Evaniomorpha as ‘a 
particularly bold concept’ and, although he criticized 
Rasnitsyn’s characterization of the group, he neverthe- 
less found new evidence to support it in the form of 
the mid coxal articulation. Although Rasnitsyn (1988) 
subsequently included the stephanids in the evan- 
iomorphs on the basis of mid coxal articulation, this 
was not substantiated by Johnson (1988), who contin- 
ued to treat them as a distinct group. 

The monophyly of the Ichneumonomorpha (sensu 
Rasnitsyn, 1980) has not been widely accepted, 
although some evidence for it was presented by 
Norman Johnson (1988). However, evidence is 
mounting in favour of Rasnitsyn’s later arrangement 
for a sister-group relationship between the aculeates 
and the Ichneumonoidea. Aculeates and ichneu- 
monoids both have a similar metasomal attachment 
to the propodeum, and both groups possess valvilli, 
specialized flap-like structures present on the first 
gonapophysis (see Gauld & Bolton, 1988; Quicke, 
Fitton & Ingram, 1992). 

The relationships of the other parasitoid super- 
families remain largely unknown, although the 


Chalcidoidea is clearly monophyletic and is probably 
the sister-group to the Mymarommatidae (Gibson, 
1986a). Gibson (1985) found morphological evidence 
supporting a clade Proctotrupidae + Pelecinidae + 
Vanhorniidae + Scelionidae + Platygastridae. The 
position of these and the other major proctotrupoid 
families, Monomachidae and Diapriidae, remains the 
subject of disagreement. Rasnitsyn’s (1988) arrange- 
ment of the proctotrupomorphs is depicted in 
Fig. 5.02. 

The aculeate superfamilies, Chrysidoidea, Vespoidea 
and Apoidea form a monophyletic clade characterized 
by having the ovipositor modified and by the loss of 
cerci in the females (Brothers, 1975). The evolution- 
ary relationships of the aculeate superfamilies is more 
clearly understood than that of the other groups and 
the hypothesis proposed by Brothers (1975), that the 
monophyletic clade Chrysidoidea is the sister lineage 
to the clade comprising Vespoidea + Apoidea, is now 
generally accepted (see Chapters 13 and 14). 


Traditionally the Hymenoptera has been divided into 
two suborders, the Symphyta and the Apocrita; 
the latter was further generally subdivided into 
Parasitica and Aculeata. The superfamilies included in 


CYNIPOIDEA 
DIAPRIIDAE! 
MONOMACHIDAE! 
AUSTRONIIDAE! 


ROPRONIIDAE! 
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SCELIONIDAE! 
CHALCIDOIDEA 


Fig. 5.02. Cladogram showing the phylogenetic relationships of the Proctotrupomorpha sensu Rasnitsyn (1988). 


1 = Proctotrupoidea sensu many authors. 
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these divisions generally were: Symphyta (Xyeloidea, 
Megalodontoidea, Cephoidea, Tenthredinoidea, Siri- 
coidea and Orussoidea); Parasitica (Stephanoidea, 
Trigonalyoidea, Megalyroidea, Ceraphronoidea, Eva- 
nioidea, Ichneumonoidea, Proctotrupoidea, Cyni- 
poidea and Chalcidoidea); Aculeata (Chrysidoidea, 
Vespoidea, Apoidea). Of these divisions the ‘Symphyta’ 
is undoubtedly a paraphyletic assemblage, although 
the Apocrita is probably monophyletic; the ‘Parasitica’ 
is paraphyletic with respect to the monophyletic 
Aculeata. Although both 'Symphyta' and ‘Parasitica’ 
can sometimes be useful group-names (just as can 
‘Reptilia’ in its traditional sense) we suggest formally 
abandoning these subdivisions. The division between 
Aculeata and ‘Parasitica’ has indeed been gradually 
abandoned in some modern works (Rasnitsyn, 1980; 
Gauld & Bolton, 1988; Borror et al., 1989), though all 
retained a formal symphytan-apocritan division 
(Rasnitsyn, however, placed the orussids in the latter). 
In the classification used here we recognize only 
superfamilies within the order; we recommend this 
scheme until the phylogenetic relationships of the 
higher taxa are more clearly understood, when 
perhaps stable sub- and infraorder classificatory ranks 
can be introduced. 

Here we recognize 79 families classified in the 18 
superfamilies referred to above. This is a utilitarian 
scheme, and inevitably will not be accepted by all. We 
believe it offers a compromise incorporating almost all 
of the more substantiated modern views, but retaining 
a traditional arrangement for taxa about which there 
is widespread disagreement. The status of the various 
groups and the areas of disagreement are outlined 
below, although classifications that persist in adher- 
ing to such indefensible concepts as placing the cer- 
aphronoids in the Proctotrupoidea, or the stephanids 
in the Ichneumonoidea, are not discussed further 
here. 

Fourteen of the superfamilies recognized here, 
the Megalodontoidea, Cephoidea, Tenthredinoidea, 
Orussoidea, Stephanoidea, Trigonalyoidea, 
Megalyroidea, Ceraphronoidea, Ichneumonoidea, 
Cynipoidea, Chalcidoidea, Chrysidoidea, Vespoidea and 
Apoidea, are all demonstrably monophyletic (Brothers, 
1975; Kónigsmann, 1977, 1978a € b; Rasnitsyn, 
1980; Gibson, 1985, 1986a; Carpenter, 1986a; Gauld 
& Bolton, 1988; N.F. Johnson, 1988; Whitfield et al., 
1989; Sharkey € Wahl, 1992). The position of the 
Mymarommatidae as sister-group to other chalcidoids 


is generally accepted, so their inclusion within the 
Chalcidoidea (e.g. by Gauld & Bolton, 1988; Borror et 
al., 1989), or their treatment as a distinct superfamily, 
the Mymarommatoidea (e.g. by Goulet & Huber, 
1993) is purely a matter of personal preference. 


The status of the other four superfamilies, 
Xyeloidea, Siricoidea, Evanioidea and Proctotrupoidea, 
remains to be resolved. The peculiarly modified 
antenna of the Xyeloidea (a long composite basal 
flagellar segment followed by a line of small segments) 
suggests this group may also be monophyletic 
although, as with all archaic taxa, one cannot rule 
out the possibility that this is a ground plan feature of 
the order that has been modified in higher taxa. 
Problems with the monophyly of the Evanioidea were 
referred to above, but there is some evidence (e.g. in 
the position of the metasomal insertion into the 
propodeum) that the group is indeed monophyletic. 

The Siricoidea and Proctotrupoidea, are almost cer- 
tainly not monophyletic (cf. Figs 5.01, 5.02). The 
former is probably paraphyletic with respect to the 
Orussoidea + apocritan superfamilies (Gibson, 1985), 
so arguably each family (Anaxyelidae, Siricidae, 
Xiphydriidae) should be accorded superfamily rank. 
However, Whitfield et al. (1989) found evidence (loss 
of 2ph-3ph muscles and form of the attachment of 
t;-3ph muscle) suggesting that the Xiphydriidae + 
Siricidae comprises a monophyletic lineage. Thus the 
Siricoidea should perhaps be restricted to just two 
families, and the Anaxyelidae should be placed in a 
separate superfamily. Until this incongruity is resolved 
we recommend leaving all three families in a single 
superfamily. 

The Proctotrupoidea is an artificial aggregation of 
12 families—Austroniidae, Diapriidae, Heloridae, 
Monomachidae, Pelecinidae, Peradeniidae, Platy- 
gastridae, Proctotrupidae, Renyxidae, Roproniidae, 
Scelionidae, Vanhorniidae. Arguments have been pro- 
posed for grouping most of these in several ways (see 
Table 5.1). Rasnitsyn (1988) advocated yet another 
arrangement (Fig. 5.02), suggesting that the superfam- 
ily is paraphyletic with respect to both the Cynipoidea 
and Chalcidoidea. In view of the widespread disagree- 
ment about the classification of these families, and 
bearing in mind Naumann and Masner's (1985) sug- 
gestion that it is ‘premature to speculate on the phy- 
logeny of the proctotrupoid families’, we have opted to 
follow other workers (e.g. Gauld & Bolton, 1988; Borror 
et al., 1989) in treating all in a single superfamily, until 


such time as a more robust classification is proposed. 
Masner (in Goulet & Huber, 1993; see also Chapter 9) 
now places the Platygastridae and Scelionidae in a sep- 
arate superfamily from other proctotrupoids. Although 
there is uniformity of opinion that the two are very 
closely related, separating them from groups such as 
the Vanhorniidae and Proctotrupidae (with which they 
share some features) while leaving the Monomachidae 
and Diapriidae in the Proctotrupoidea seems artificial. 
Here (following Brothers, 1975) we recognize three 
aculeate superfamilies, although some authors (e.g. 
Richards, 1956; Krombein et al., 1979; Borror et al., 
1989; Naumann, 1991) recognize four, six, seven, or 
even eight. These classificatory systems are contrasted 
below (Table 5.2). The obvious difference in names 
used by Brothers (1975) and Gauld and Bolton 
(1988), which is used in this work, is based on the 
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Rasnitsyn, 
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Peradeniidae a 
Heloridae Kl 
Proctotrupidae K1 
Vanhorniidae K1 
Roproniidae K1 
Pelecinidae - 
Monomachidae E 
Austroniidae 

Diapriidae 

Platygastridae 

Scelionidae 


principles of zoological nomenclature. As Day (1977) 
has pointed out the name Chrysidoidea has temporal 
priority over Bethyloidea and hence is the valid name. 
Similarly the family-group name Apidae predates 
Sphecidae and is therefore the correct formative stem 
for the superfamily name. 

In our opinion the use of six, seven or eight super- 
family names is unnecessary, given the diversity of 
species placed in other hymenopterous superfamilies, 
and moreover, it poses new problems. It is certainly 
not indisputable, for example, that the Pompilidae 
should be included in a superfamily with the 
Rhopalosomatidae distinct from the other vespoid s.l. 
families (see Day, 1988 and Chapter 14), and 
'Sphecoidea' is almost certainly paraphyletic with 
respect to ‘Apoidea’ in its narrower sense (Lomholdt, 
1982; Alexander, 1992). 


Naumann, 
1991 


Gibson, 
1985 


*Naumann & 
Masner, 1985 


NM1 - 


Table 5.1. Comparison of the relationships of the proctotrupoid families as advocated by recent workers. The 
number refers simply to a group of taxa, thus K1, K2, K3 refer to Kónigsmann's first, second and third groups of 
taxa; + denotes that a taxon was not treated or not assigned to a group. * It is noteworthy that although Naumann 
and Masner stated only two groupings were obvious, they treated all eleven families in a single superfamily. 
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Bethyloidea 
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Table 5.2. Comparison of superfamily classification adopted by recent authors. 


TET os 


In general there is more consensus regarding the 
family level classification. Disregarding the work of the 
obviously ill-informed or idiosyncratic, there are only 
five areas of confusion—the ichneumonoids, the 
cynipoids, the chalcidoids, the vespids and the 
apoids. The two extant families comprising the 
Ichneumonoidea have at times been increased by 
workers (e.g. Mackauer & Stary, 1967; Mason, 1971, 
1981a) according various subordinate taxa family- 
level status. Most common of these is treating "the 
aphidiine braconids as the Aphidiidae, or calling the 
paxylommatine and agriotypine ichneumonids sep- 
arate families. Sound phylogenetic arguments refuting 
such ordinations have been presented by various 
authors (Gauld, 1984; Achterberg, 1984a; Gauld & 
Bolton, 1988; Sharkey & Wahl, 1992), and these are 
not repeated here. 

The classification of the Cynipoidea has fluctuated a 
great deal. In the past the superfamily was often sub- 
divided into six families, the Cynipidae, Ibaliidae, 
Liopteridae, Figitidae, Charipidae and Eucoilidae (e.g. 
Quinlan, 1979; Goulet & Huber, 1993), but Fergusson 
(1990) has recently undertaken a phylogenetic recon- 
struction, which provides a very different classification 
that is robustly supported by morphological, palaeon- 
tological, biogeographical and biological evidence. 
Following Fergusson, the Cynipoidea is here divided 
into four families, Cynipidae, Ibaliidae (including the 
'Liopteridae'), Figitidae (including ‘Charipidae’ and 
‘Eucoilidae’) and Himalocynipidae. 

Although a consensus classification of the 
Chalcidoidea into 21 families (as used here) has 
recently been adopted in influential publications (e.g. 
Boucek, 1988; Grissell & Schauff, 1990), it is gener- 
ally agreed that several of the families are not mono- 
phyletic. The Pteromalidae in particular is a ‘catch-all’ 
group for chalcidoids that cannot be placed in one of 
the other families and the Aphelinidae may be para- 
phyletic with respect to the Signiphoridae (see Chapter 
11.15). The Eucharitidae and Perilampidae are 
undoubtedly very closely related, and from a phylo- 
genetic perspective probably better classified in a 
single family (e.g. see Darling, 1992). The recent 
expansion of Agaonidae to include certain subfamilies 
previously placed in Torymidae and Pteromalidae 
(Boucek, 1988; see Chapter 11.1) has reopened the 
question of the relationship between Agaonidae and 
Torymidae. In general, there are undoubtedly too 
many families of Chalcidoidea, and eventually this 


number will have to be reduced. However, until there 
are convincing arguments based on rigorous phyloge- 
netic analyses, the need for stability speaks louder 
than the need for change. 

The vespids have often been classified in three 
families, Vespidae, Masaridae and Eumenidae (e.g. 
Richards, 1962, 1978; Krombein, in Krombein et al., 
1979; Gauld & Bolton, 1988). However, Carpenter 
(1982) produced a definitive cladistic analysis of these 
groups and proposed treating all as a single family. 
This: classification has gained wide acceptance (e.g. 
Evans, 1987a; Borror et al., 1989; Naumann, 1991) 
and is accepted in the present work. 

The Sphecidae is frequently accorded superfamily 
status, and subdivided into eight or so families (e.g. 
Krombein in Krombein et al., 1979; Goulet & Huber, 
1993). However, the classification adopted by Bohart 
and Menke (1976) in their scholarly and now classic 
overview of the sphecids, that is the treatment of all 
groups as a single family, is gaining wide acceptance 
(Evans, 1987a; Gauld & Bolton, 1988; Borror et al., 
1989; Naumann, 1991). However, one outstanding 
classificatory problem remains—the Sphecidae as thus 
defined is paraphyletic with respect to the Apidae. 
Alexander (1992), in his exploratory analysis of the 
relationships between bees and sphecids, clearly 
demonstrated the paraphyletic nature of the Sphecidae 
with respect to the bees. Most frequently the apids 
were found to have a more or less sister-group rela- 
tionship to philanthine sphecids (e.g. Alexander’s 
figures 1, 2, 3, 5, 6, 9, 10); sphecine sphecids almost 
invariably emerged as the sister-group to all remain- 
ing sphecids + bees (see Fig. 5.03). When the phylo- 
genetic interrelationships of the sphecids and bees is 
more clearly resolved it will undoubtedly be necessary 
to recognize two or more sphecid families, one of 
which will be the sister-group of the bees. 

Since Michener’s (1944) seminal classification of the 
bees it has been standard practice to treat them as 
belonging to a number of separate families classified 
together in a distinct superfamily, the Apoidea (e.g. 
Hurd in Krombein et al., 1979; Brown, 1982; Evans, 
1987a; Borror et al., 1989). The most radical depar- 
ture from the consensus view was adopted by Gauld 
and Bolton (1988) who treated all as a single family, 
Apidae, not because they disputed Michener’s hierar- 
chical classification, but because they believed his 
ranking of these taxa as families was disproportion- 
ately high in comparison with the other Hymenoptera. 
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Fig. 5.03. Cladogram showing possible phylogenetic relationship between some sphecid tribes and subfamilies, and the Apidae. 
Modified after Alexander (1992). All taxa shown are demonstrably monophyletic, with the exception of the Nyssoninae. 


Xyelidae 

Megalodontidae, Pamphiliidae 

Argidae, Blasticotomidae, Cimbicidae, Diprionidae, Pergidae, Tenthredinidae 

Cephidae 

Anaxyelidae, Siricidae, Xiphydriidae 

Orussidae 

Stephanidae 

Trigonalyidae 

Megalyridae 

Aulacidae, Evaniidae, Gasteruptiidae 

Ceraphronidae, Megaspilidae 

Austroniidae, Diapriidae, Heloridae, Monomachidae, Peradeniidae, 
Pelecinidae, Platygastridae, Proctotrupidae, Renyxidae, Roproniidae, 
Scelionidae, Vanhorniidae 

Cynipidae,Figitidae, Ibaliidae 

Agaonidae, Aphelinidae, Chalcididae, Elasmidae, Encyrtidae, 
Eucharitidae, Eulophidae, Eupelmidae, Eurytomidae, Leucospidae, 
Mymaridae, Mymarommatidae, Ormyridae, Perilampidae, 
Pteromalidae, Rotoitidae, Signiphoridae, Tanaostigmatidae, 
Tetracampidae, Torymidae, Trichogrammatidae 

Braconidae, Ichneumonidae 

Bethylidae, Chrysididae, Dryinidae, Embolemidae, Plumariidae, 
Sclerogibbidae, Scolebythidae 

Bradynobaenidae, Formicidae, Mutillidae, Pompilidae, 
Rhopalosomatidae, Sapygidae, Scoliidae, Sierolomorphidae, Tiphiidae, 
Vespidae 

Apidae, Sphecidae 


Table 5.3. The classification of extant families of Hymenoptera adopted in this book. 


We continue to support Gauld and Bolton's interpreta- 
tion, and note that Michener, who maintains usage of 
two superfamilies, has recently stated “Bees are basi- 
cally sphecoid wasps . . . ' (Michener € Houston in 
Naumann, 1991: p. 933). To classify the apoids (bees 
and sphecids) in about twenty families is, in our 


opinion, a distortion of the higher classification of the 
order. Such ‘families’ are certainly no more distinct 
than are the subfamilies of most other groups, includ- 
ing the pergids, tenthredinids, mutillids, ichneumonids, 
braconids, diapriids, bradynobaenids, tiphiids and chry- 
sidids. Although the status of the multiplicity of apoid 


groups as families may be more nearly equivalent to 
the chalcidoid families, the chaotic nature of chalcidoid 
higher classification is a particularly poor mode! to 
base any justification upon. 

Lastly two words about any form of compromise 
classification, uniting the Michener (1944) and the 
Bohart and Menke (1976) classifications—avoid it. 
To classify the bees in eight or so families, while treat- 
ing the sphecids as a single family, as do Evans 
(1987a), Borror et al. (1989) and Naumann (1991), 
presents a quite distorted classificatory system, given 
that few would argue that the sphecids are the diverse 
paraphyletic stem-group, from within which the 
apids arose! The classification we adopt is shown in 
Table 5.3. 


.4 KEYS TO HIGHER TAXA | 
. OCCURRING IN COSTA RICA 


The following keys are intended to facilitate the 
initial identification of the vast majority of 
hymenopterans encountered in Central America and 
northern South America. By proceeding to the pages 
indicated in parentheses, one can continue the 
identification to family (and in many cases to sub- 
family or genus). The characters used in the follow- 
ing keys are, for the most part, readily observable 
with an average dissecting microscope (40 x 
magnification). Moreover, the key has been reduced 
to a minimal length in order to encourage fledgeling 
hymenopterists. Such a simplified key excludes many 
of the rare exceptions (some of which are mentioned 
in brackets) and all identifications should therefore be 
verified by comparing with the diagnoses given in the 
family chapters. 


Simplified key to major groups of fully- 
winged Hymenoptera in Costa Rica 


1l Body without marked constriction between 
mesosoma (thorax) and metasoma (abdomen) 
(Fig. 5.04); cenchri present on metathorax; 
enclosed anal cell/s often present in fore 
and/or hind wing (Fig. 15.12). 
[Fore wing often with 10 or more enclosed 
cells, never with less than five; hind wing 


usually with five or more enclosed cells 
(Riga S212). A EO 2 
— Body with a marked constriction between meso- 
soma (thorax + propodeum) and metasoma, 
ie. with a ‘wasp waist"; cenchri absent; anal 
cell never enclosed in fore or hind wing (Figs 
5.13-5.20). 
[In some minute species the constriction is not 
very evident, but these have no closed cells in 
tharinae aia 3 


2 Antennae inserted on ventral side of head adja- 
cent to mouth and below apparent clypeus 

(Fig. 5.05); upper part of head with blunt 
tooth-like tubercles ....... Orussoidea (p. 178) 

— Antennae inserted well above mouth and clypeus 
(Fig. 5.06); upper part of head without tuber- 

li oe ERR DIS 

... Siricoidea and Tenthredinoidea (p. 157) 


3 Fore wing with venation well-developed, with one 
to several enclosed cells (Figs 5.13-5.19).... 4 

— Fore wing with venation very reduced, without 
any enclosed cells, usually with venation 
restricted to anterior margin of wing 

(Figs 5.20—5.24) or entirely absent. ........... 19 


4 Antennae with 16 or more segments. .............. 5 
— Antennae with 15 or fewer segments. [Heloridae 
have 16 segments but one of the segments is 

very small and the antenna therefore appears 

UO) eke Rife: A e ETE EET 8 


5 Pronotum extended anteriorally into an elongate 
‘neck’ (Fig. 5.07). 
[Head spherical; top of head with small teeth; 
first segment of metasoma very long, slender 


and cylindrical.] ........ Stephanoidea (p. 181) 
— Pronotum not extended into an elongate ‘neck’ 
(Eigen 5:08). comitisse es ctm no 6 


6 Fore wing without a distinct costal cell, veins C 
and Sc+R+Rs contiguous for most of their 
length ir). is 
eee Ichneumonoidea (most) (p. 389) 

— Fore wing with a distinct costal cell, veins C and 
Sc+R+Rs separated by a membranous area for 
much of their length (Figs 5.14, 5.15). ........ 7 


i 
3 


iA 
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Figs 5.04—5.11. Hymenoptera, superfamilies. Fig. 5.04. Mesosoma and base of metasoma (Argidae; Tenthredinoidea); C = 
cenchrus. Figs 5.05-5.06. Head, anterior; 5.05, Ophrella sp. (Orussidae; Orussoidea); 5.06, Tenthredinidae (Tenthredinoidea). 
Figs 5.07-5.08. Head and pronotum, lateral; 5.07, Megischus sp. (Stephanidae; Stephanoidea); 5.08, Probethylus sp. 
(Sclerogibbidae: Chrysidoidea). Fig. 5.09. Fore leg, female Trichogonatopus sp. (Dryinidae; Chrysidoidea). Figs 5.10-5.11. Head 
and anterior part of mesosoma, lateral; 5.10, Pompilidae (Vespoidea); 5.11, Sphecidae (Apoidea). 


Figs 5.12-5.20. Hymenoptera, superfamilies. Figs 5.12-5.13. Fore and hind wings; 5.12, sterictiphorine Argidae 
(Tenthredinoidea), A = anal cell; 5.13, Neotheronia sp. (Ichneumonidae; Ichneumonoidea). Figs 5.14—5.20. Fore wings; 5.14, 
Probethylus sp., male (Sclerogibbidae; Chrysidoidea); 5.15, Taeniogonalos sp. (Trigonalyidae; Trigonalyoidea); 5.16, Apanteles sp. 
(Braconidae; Ichneumonoidea); 5.17, Lonchodryinus sp. (Dryinidae; Chrysidoidea); 5.18, eucoiline Figitidae (Cynipoidea); 5.19, 
Sminthoserphus sp. (Proctotrupidae; Proctotrupoidea); 5.20, Encyrtidae (Chalcidoidea). 


Figs 5.21-5.24. Hymenoptera, superfamilies, fore wings; 5.21, Scelionidae (Proctotrupoidea); 5.22, Ceraphron sp. 
(Ceraphronidae; Ceraphronoidea); 5.23, Dendrocerus sp. (Megaspilidae; Ceraphronoidea); 5.24. Inostemma sp. (Platygastridae; 
Proctotrupoidea). 


Figs 5.25-5.26. Scanning electron photomicrographs of head, lateral; 5.25, Doddiella (Scelionidae; Proctotrupoidea); 5.26, 
Belyta (Diapriidae; Proctotrupoidea). 
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Fore wing with nine or ten enclosed cells 
(Fig. 5.15); fore leg with femur unspecialized. 
[Mandibles often asymmetrical, the right with 
four, the left with three teeth; tarsi with 
plantar lobes; ovipositor more or less con- 
cealed in metasoma.] 
E CMM Losses Trigonalyoidea (p. 187) 

Fore wing with five or fewer enclosed cells (Fig. 
5.14); fore leg with femur enlarged and 
strongly inflated (Big. 5.08) rere eere erre caos 
ee Chrysidoidea (Sclerogibbidae) (p. 488) 


Metasoma inserted high up on mesosoma 
(Figs 8.08-8.10)............ Evanioidea (p. 185) 
Metasoma inserted lower down on mesosoma, 
close to insertion of hind coxae. ................... 9 


Metasoma with only three visible tergites, and 
body brilliantly metallic coloured, generally 
coarsely sculptured 
.... Chrysidoidea (some Chrysididae) (p. 479) 

Metasoma generally with more than three visible 
tergites, body rarely metallic coloured. ...... 10 
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Fore wing with four or more enclosed cells 
and/or with hind tibia enlarged and flattened. 
oia A Ea 11 
Fore wing with one to three enclosed cells (Figs 
5.17-5.19); hind tibia never flattened and 
A O ere 16 


Pronotum with upper hind corner widely sepa- 
rated from tegula, and lower down the side 
with a pronounced pronotal lobe (Fig. 5.11). 
OMITTI Apoidea ....................... 12 

Pronotum with upper hind corner reaching to or 
close to tegula, usually without a pronounced 
promotalllobes(Higes L0 )-....-....----- te 13 


Body hairs (especially those on propodeum 
and near bases of wings) plumose, with 
short to long branches; hind legs often 
with tibia and tarsus flattened and broadened. 
LUE Ee ong EA Apidae (p. 650) 

Body hairs simple; hind legs not flattened. .......... 
ro A AN Sphecidae (p. 621) 


Antenna with 14 or 15 segments. ................. 14 
Antenna with 13 or fewer segments. ............. 15 
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14 


5 


16 


17 


18 


Fore wing with costal cell distinct (Fig. 5.19); 
ventral part of metasoma strongly sclerotized, 
arin eee Proctotrupoidea (few) (p. 209) 

Fore wing with costal cell more or less obliter- 
ated by C touching Sc+R+Rs (cf Fig. 5.16); 
ventral part of metasoma partially membra- 
MOAS S Ichneumonoidea (few) (p. 389) 


Hind wing with one to three enclosed cells. ....... 
ii E Vespoidea (p. 504) 


. Hind wing without enclosed cells. ......................... 


MU on EE Chrysidoidea (few) (p. 464) 


Fore wing with a fairly large triangular-shaped 
marginal cell, which may be open or closed on 
the wing margin (Fig. 5.18); mesosoma in 
profile with scutellum generally quite large, of 
similar size to propodeum (Figs 5.27, 5.28); 
metasoma usually somewhat flattened from 
Sd 10 Sl. E a E Cynipoidea (p. 247) 
Fore wing without a marginal cell (Fig. 5.17), or 
if with one present then it is very much 
smaller than above (Fig. 5.19); mesosoma in 
profile generally with scutellum : much 
smaller than propodeum; metasoma often 
somewhat flattened  dorso-ventrally or 
extremely lonas Wy 


Antenna with 14 or 15 segments. ..................... 
ME Proctotrupoidea (few) (p. 209) 
Antenna with 9 to 13 segments. ..................... 18 


Either with antenna inserted high up on a slight 
facial protuberance or ‘shelf’ (best seen in 
lateral view; Fig. 5.26; Diapriidae), or with 
fore wing with a very small marginal cell, 
with distal abscissa of Rs close to and parallel 
with postero-distal margin of pterostigma (Fig. 
5.19; Proctotrupidae). T 
Barn TIT Proctotrupoidea (many) (p. 209) 

Antenna not inserted on a facial protuberance; 
fore wing not having a small marginal cell 
with distal abscissa of Rs close to and parallel 
with postero-distal margin of pterostigma; 
venation often as in Fig. 5.17. 

[Head often large and prognathous, or 
females sometimes with front claw modified 
into:axchela (ELA A E 
NR Chrysidoidea (most) (p. 464) 


19 


20 


2 


Fore wing with stigmal vein generally curved, 


without a postmarginal vein, and with (Fig. 
5.23) or without (Fig. 5.22) an enlarged 
pterostigma, but always with this region nar- 
rowly separated from the marginal vein; mar- 
ginal vein always along anterior margin of 
jung cM Tr Ceraphronoidea (p. 199) 


Fore wing, from entirely without venation, to 


with some veins; if veins present, then either 
stigmal vein is not curved (Fig. 5.20, 5.21, 
5.24), and/or postmarginal vein is present, 
and/or junction of stigmal and postmarginal 
veins is not separated from marginal vein, 
and/or proximal part of marginal vein is sepa- 
rated from anterior margin of wing. .......... 20 


Head strongly prognathous and antenna 12- or 


JLSkeyenowers (rs eee eos coo PEU 
ere Chrysidoidea (some Bethylidae) (p. 470) 


Head generally not prognathous, but if so, then 


antenna with a different number of segments. 
eRe RT TO MTR Me A Ea aaa DT pall 


Metasoma usually at least somewhat dorso-ven- 


trally flattened and quite symmetrical, often 
with a lateral carina, ovipositor originating 
(externally) from apex of metasoma; antenna 


inserted either high up on a facial protuber- 
ance or ‘shelf (Fig. 5.26; Diapriidae), or 
inserted just above mouth (Fig. 5.25; 
Platygastridae and Scelionidae); coloration 
never metallic; pronotum, in profile, reaching 
back more or lessito ted: 
eeii Proctotrupoidea (many) (p. 209) 
— Metasoma usually not dorso-ventrally flattened, 
not as symmetrical, without a lateral carina, 
ovipositor originating from ventral surface of 
metasoma; antennal insertion variable; col- 
oration sometimes metallic; pronotum, in 
profile, not reaching back to tegula. ................ 
Ric E e D ee Chalcidoidea (p. 266) 


Key to brachypterous or wingless 
Hymenoptera 

Except for ants, brachypterous or apterous individuals 
of Hymenoptera are rather infrequently encountered 
in Costa Rica, possibly because most collecting 
methods have been developed to trap flying insects. 
Ants are ubiquitous in all trap samples (except at 
high altitudes). Female mutillids, because they are 
frequently brightly coloured, are often noticed, but 
other brachypterous or apterous hymenoptera are 


Figs 5.27-5.28. Scanning electron 


5.28, Figitini (Figitidae; Cynipoidea). 


photomicrographs of mesosoma, lateral; 5.27, Eucoilini (Figitidae; Cynipoidea); 


on, classification and identificatio 


Figs 5.29-5.32. Wingless Hymenoptera. 5.29, Camponotus Sp., worker (Formicidae); 5.30, Solenopsis sp., worker (Formicidae); 
5.31, Probethylus sp., female (Sclerogibbidae); 5.32, Gelis sp., female (Ichneumonidae). 


Figs 5.33-5.36. Wingless or micropterous Hymenoptera. 5.33, Psenobolus sp., male (Braconidae); 5.34, Olixon sp., female 
(Rhopalosomatidae); 5.35, Pseudomethoca sp., female (Mutillidae); 5.36, Embolemus sp., female (Embolemidae). 


Figs 5.37-5.42. Wingless or micropterous Hymenoptera. 5.37, Diapriidae; 5.38, Pristocera sp. (Bethylidae) 
sp. (Megaspilidae); 5.40, Baeus sp. (Scelionidae); 5.41, Gonatopus sp. (Dryinidae); 5.42, Aleurus sp. (Thynnina 


: 5.39, Conostigmus 


e; Tiphiidae). 


Figs 5.43-5.44. Wingless Hymenoptera. 5.43, Typhoctes sp. (Bradynoebaenidae); 5.44, Methocha sp. (Tiphiidae). 


seldom noticed or collected. Many of these insects 
resemble their fully-winged relatives, but some 
are highly modified and difficult to recognize as 
hymenopterans. 


il 


Metasoma with segment I forming a node or 
scale (Fig. 5.29), or first two segments nodi- 
anima 530) Formicidae (p. 588) 

Metasomal segment I not scale-like, if rarely 
slightly nodiform then segment II not deeply 


AA A eres eM T e Tee. 2 
Antenna with 15 or more segments. ............... 3 
Antenna with fewer than 15 segments. .......... 4 


Head prognathous, in dorsal view more or less 
heart-shaped, with antenna inserted at front, 
under a ridge, below level of lower (i.e. anterior) 
margin of eyes; legs short and stout, fore femur 
greatly thickened (Fig. 5.31)  metasoma 
subsessile, with tergite I evenly broadened poste- 
riorly; ovipositor sheath not projecting beyond 
apex of metasoma. .... Sclerogibbidae (p. 488) 

Head hypognathous, in dorsal view oval, with 
antenna inserted on plane of frons, at about 
the level of the centre of the eyes (Fig. 5.32); 


legs normal, fore femur not greatly thickened; 
metasoma petiolate, tergite I slender; ovipositor 
sheath protruding conspicuously beyond apex 
of metasonma m ice eure IHRE 
E n rco OR s Ichneumonidae (p. 390) 


Males: ems Ecc ee 5 
Females: mon nanana ee TES 7 


Entirely apterous species with no trace of wing 
vestiges. 
[Only encountered inside fig fruits, possibly in 
the litter beneath fig trees.]. ..................ess 
ss cade ae RCE a TR Mero Agaonidae (p. 273) 
Brachypterous species, with at least fore wing 
pucsentesasiasvestipe iiaii rem 6 


Antenna short and 10-segmented; head massive 
and prognathous (Fig 5.33); metasoma with 
tergites II + III fused; inhabitants of the 
E ES T Det reos 
ME EE Braconidae (Psenobolus) (p. 453) 

Antenna long and slender, 13-segmented; head 
hypognathous (Fig. 5.34); metasoma with ter- 
gites II and III separated; free-living insects. . 
EE spec Rhopalosomatidae (p. 548) 


7 


10 


11 


12 


Mesosoma in dorsal view with pronotum, mesos- 
cutum, scutellum, metanotum and propodeum 
confluent, forming a single convex surface and 
not separated into discrete parts. 

[Body very hairy, velvet-like (Fig. 5.35), 
often with bright red, orange, yellow or 
white markings. ]............. Mutillidae (p. 541) 

Mesosoma in dorsal view with pronotum sepa- 
rated, not immutably fused with mesoscutum, 
generally with scutellum and propodeum 
discernible, sometimes with all parts discrete. 


Antennae inserted on shelf-like prominence, high 
De o 30192 7) O 9 
Antennae not originating on shelf-like promi- 
nence, and/or inserted close to mouth (Figs 
SE O ro 10 


Head, in lateral view subconical; antenna with 
10 segments, the flagellum slender and rela- 
tively unspecialized (Fig. 5.36). Weccccseccccseeeseesee 
A A eee Embolemidae (p. 490) 

Head, in lateral view subspherical, with a frontal 
‘shelf’; antenna usually with more than 10 
(11 to 14) segments, almost always clavate, 
with basal flagellar segments small and the 
distal ones enlarged (Fig. 5.37). ....................... 
PEE iooodocabodoa ano a Diapriidae (p. 222) 


Antennae geniculate (elbowed), with first 
segment (scape) markedly longer than the 
remaining segments, often attached quite low 
OHMACE (Figs ORIOL). ....ccecesscasesececcoscsss i 

Antennae not geniculate, with first segment 
usually not markedly longer than the remain- 
ing segments, attachment variable 
(A MSI a c 14 


Metasoma with ovipositor emerging from ventral 
surface; metasoma usually not dorso-ventrally 
depressed, coloration sometimes metallic. 
TORNO Chalcidoidea (p. 266) 

Metasoma with ovipositor protruding (or pro- 
trusable) from the extreme apex (Fig. 5.44); 
metasoma centrally usually dorso-ventrally 
flattened; coloration never metallic. ........... 127 


osese 


Head very strongly prognathous, rather large 
and with compound eyes generally small 


13 


14 


15 


16 


17 


e Hymen 


(Fig. 5.38); legs often adapted to fossorial exis- 
tence with tibiae bearing numerous short 
StOUt4S pies: ......- o0 eeett Bethylidae (p. 470) 
Head hypognathous, not unusually large, with 
compound eyes quite large (Figs 5.39, 5.40); 
legs slender. 


Metasoma with longitudinal ridges (carinae) at 
base (Fig. 5.39). .. Ceraphronoidea (p. 187) 
Metasoma without longitudinal ridges at base 
(ELIO oe TE 
co i Scelionidae and Platygastridae (p. 229) 


Antennae with 10 segments; fore pretarsus and 
claw modified as raptorial ‘pincers’ (Fig. 5.41). 
PERO E O tee Dryinidae (p. 493) 

Antennae with 12 segments; fore tarsus not 
modified to form raptorial pincers. ............. 15 


Fore wings present as minute vestiges; legs with 
4th tarsal segment asymmetrically bilobate, 
the longer lobe projecting almost to apex of 
5th segment (Fig. 5.34). 

[Bright yellow species.] ....................... ES: 
ED E Rhopalosomatidae (p. 548) 

Fore wings absent entirely (Figs 5.42—5.44); legs 
with 4th tarsal segment simple, not markedly 
asymmetrically bilobate. ..........................« 16 


Head very strongly prognathous, rather large 
and with compound eyes generally small 
(Fig. 5.42); legs often adapted to fossorial 
existence with tibiae bearing numerous 
ShOEBSLOUDISDIReSNE.. 5... cece ees 
P ero Tiphiidae (Thynninae) (p. 521) 

Head hypognathous, not unusually large, with 
compound eyes quite large (Figs 5.43, 5.44); 
legs Senden soe ELO s 17 


Mesosoma in dorsal view divided into two parts, 
an anterior pronotum and a posterior part 
comprising meso- and metanotum and 
propodeum; body hairy, hairs serrate (Fig. 
5143) wc mS o Bradynobaenidae (p. 552) 

Mesosoma in dorsal view divided into three parts, 
an anterior pronotum, a central mesothorax 
(which often has a more or less discernible 
scutellum) and a posterior propodeum; body 
more sparsely hairy, hairs simple (Fig. 5.44). 
dee eee IE e RISE e ió Tiphiidae (p. 514) 


As is traditionally recognized (e.g. by Gauld & Bolton, 


1988; Naumann, 1991; Smith, 1993), the suborder | 


Symphyta (the sawflies and woodwasps) is a para- 
phyletic assemblage comprising the structurally more 
primitive Hymenoptera. Symphytan adults share a 
number of primitive (plesiomorphic) character states: 
their abdomen is broadly joined to the thorax and not 
constricted at its base, the first abdominal segment is 
not fused with thorax (i.e. propodeum absent), cenchri 
are present on the metathorax (except the non-Costa 
Rican family Cephidae), a trochantellus is present, and 
numerous enclosed cells are discernible in the wings, 
including one or more anal cells in the fore wing 
(except in most Pergidae). While the Orussidae share 
most of these plesiomorphic character states with the 
sawílies and woodwasps, they also share several apo- 
morphic character states with the suborder Apocrita 
(Gibson, 1985; N.F. Johnson, 1988; Whitfield et al., 
1989; see Chapters 5 and 7). Moreover, the larval 
stages of Orussidae differ from all other symphytans in 
being parasitic or predatory rather than phy- 
tophagous. Therefore the orussids are treated in a 
separate chapter (Chapter 7). 

The great majority of sawflies feed as larvae on 
plant material. Little is known of the feeding prefer- 
ences of tropical species, but in the temperate north- 
ern regions large numbers of species are associated 
with relatively primitive plant families, such as 
anemophilous angiosperms, conifers, ferns and horse- 
tails. Relatively few attack higher angiosperms such 
as the Compositae, although several feed on 
Gramineae and Cyperaceae. In Australia some pergids 
feed on dead leaves and one Costa Rican pergid has 
very recently been found to feed externally on jelly 
fungi (Auriculariaceae), A detailed account of feeding 
strategies of temperate sawflies was presented by 
Heitland and Pschorn-Walcher (1993). 

Adult females of most sawflies use their saw-like 
ovipositor to cut into plant tissue to insert eggs, hence 
their common name. Oviposition is usually in the leaf, 


but a few oviposit in stems, petioles, or wood. Some 
attach their eggs to the surface of a leaf. Adult females 
of a few species of Argidae, Pamphiliidae and Pergidae 
are known to guard their eggs and young larvae (e.g. 
Dias, 1976; Kudó et al., 1992). Larvae of most ten- 
thredinoid and megalodontoid symphytans are exter- 
nal folivores, feeding either solitarily or gregariously, 
whilst those of other groups (Xyeloidea, Siricoidea and 
Cephoidea) generally feed in concealment as borers in 
wood or stems. A few tenthredinoid species develop as 
leaf-miners (e.g. some Heterarthrinae), gall-formers 
(e.g. some Nematinae), stem-borers (Blasticotomidae) 
or fruit-borers, but none of these concealed-feeders 
occur in Costa Rica. In Central America folivorous 
sawfly larvae may feed either on the upper or on the 
undersides of leaves. They may skeletonize the leaves 
or feed only on the leaf edges. When mature the last 
instar, a non-feeding stage called the prepupa, 
searches for a suitable pupation site. This site can be 
in the soil, in stems or rotten wood, or among the 
foliage or stems of plants. Some prepupae spin 
cocoons, and others form a cell in the soil or other 
substrate. 

The larvae of sawflies that feed externally on plant 
foliage are caterpillar-like and resemble those of the 
Lepidoptera (e.g. Fig. 6.01), from which they can be 
distinguished by the possession of a single stemmatum 
(simple eye) on each side of the head (there are several 
in Lepidoptera), and the absence of crochets on the 
prolegs. Unlike lepidopterous larvae, the larvae of exo- 
phytic sawflies usually have prolegs on abdominal seg- 
ments 2 to 7 or 2 to 8, and 10, and do not have a 
protruding spinneret on the labium. Larvae of some 
neotropical species were illustrated by Kimsey and 
Smith (1985). Symphytan larvae that feed in conceal- 
ment are more grub-like, with reduced legs and often 
no stemmata (Smith & Middlekauf, in Evans, 1987a). 
The internal morphology of sawfly larvae has been 
surveyed by Maxwell (1955), 

Although sawflies are often abundant in northern 
temperate forests, in Costa Rica they are generally 
rather scarce and inconspicuous, although exceptions 
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Fig. 6.01. Larva of Sericoceros gibbus (Argidae: Erigleninae) (after Kimsey & Smith, 1985). 


do occur. For example, a tenthredinid, Metapedias sub- 
coerulea is common on: Conostegia xalapensis 
(Melastomataceae) at medium elevations (c. 1500 
metres) in the Central Valley (Hanson, pers. comm.), 
and in the seasonally dry forests of northwestern 
Guanacaste the adults of several species of tenthre- 
dinids and argids can be common shortly after the 
commencement of the wet season, when trees are 
flushing with new growth. Little is known of the phe- 
nology of tropical species, but in temperate areas and 
tropical habitats with a pronounced dry season there 
is commonly a single generation a year. In wetter 
areas some sawflies, such as M. subcoerulea, have 
several generations annually. Adult sawflies usually 
live for only several days to a week or two, and are 
generally found flying about their host plants on still, 
sunny days. 

Several sawflies are sometimes of economic 
importance as pests of ornamental plants, agricultural 
crops and timber trees in forests. Some of the most 
notorious pests are certain species of Diprionidae 
which are widespread and injurious to conifers from 
Canada south to northern Central America. In cooler 
parts of South America the tenthredinid, Caliroa cerasi, 
is on occasions a serious pest of cultivated rosaceous 
fruit trees. On the other hand, a few sawflies have 
been considered for possible use in biological control 
programmes targeted at eliminating invasive weeds. 
Two such cases are the introduction of Ucona acaenae 
into New Zealand from Chile in the 1930's to aid in 


control of Acaena (Rosaceae) (Janvier, 1933; Smith, 
1973), and the potential use of Schizocerella pilicornis 
for the control of Portulaca (Portulacaceae) (Clement & 
Norris, 1982). 


Classification and distribution. Sawflies and 
woodwasps are found on all continents except 
Antarctica, but are rare or absent on most oceanic 
islands. Throughout the world approximately 8000 
species are known, and about 3000 of these occur in 
the western hemisphere. The extant sawflies and 
woodwasps, excluding Orussidae, are presently 
classified in five superfamilies and 13 families (Table 
6.1). Although these have been traditionally 
classified together in the suborder Symphyta, it may 
eventually be more appropriate to recognize at least 
some of these superfamilies as separate suborders 
(see Chapter 5). 

The sawfly fauna of Central America to the north 
of Lake Nicaragua differs somewhat from that of 
southern Central America. The Xiphydriidae is absent 
from northern Central America, but two additional 
families are present—the Diprionidae and Siricidae. 
The former is known to occur in northern Nicaragua 
(Wilkinson & Drooz, 1979; Smith, 1988) while 
siricine Siricidae are questionably recorded from 
Central America (Smith, 1988). They are associated 
with conifers however, so they possibly extend south 
to the southern limit of pines in northern Nicaragua. 
The cultivation of pines in Costa Rica has created an 


XYELOIDEA 
Xyelidae* 


Holarctic, with one genus, Xyela, known from pine forests in Mexico; larvae 


of this genus feed in developing staminate cones of pines (Pinus spp.). 


MEGALODONTOIDEA 
Megalodontidae* 
Pamphiliidae* 


Mediterranean and Europe, to Central Asia. 
Holarctic, with one genus, Acantholyda, known from pine forests in Mexico; 


known as web-spinners, larvae of this genus feed and develop in webs of 
their own making. 


TENTHREDINOIDEA 
Argidae 
Blasticotomidae* 
Cimbicidae* 


Cosmopolitan; mostly external leaf feeders. 
Palaearctic; endophagous in the rhachis of pteridophytes. 
Holarctic, except for the subfamily Pachylostictinae which occurs in southern 


Brazil and N. Argentina. All nearctic and palaearctic cimbicids are external 
leaf feeders, but the habits of the S. American species are unknown. 


Diprionidae* 


Holarctic, extending south to northern Central America; most are external 


leaf feeders on conifers (Pinaceae and Cupressaceae). 


Pergidae 


Tenthredinidae 


Australia and New World; most are external leaf feeders. 


Cosmopolitan; biology variable, most are external feeders but some are leaf 


miners, gall formers, fruit borers and others. 


SIRICOIDEA (“wood wasps”) 
Anaxyelidae* 
Siricidae* 


Western North America; wood borers in conifers. 
Holarctic, probably extending south to northern Central America; wood 


borers in conifers and angiosperms. 


Xiphydriidae 


CEPHOIDEA (‘stem sawflies’) 
Cephidae* 


Table 6.1. 


Cosmopolitan; wood borers in angiosperms. 


Holarctic (one genus in Mexico) and Madagascar; stem borers in woody 
stems and in Gramineae. 


The superfamilies and families of the suborder Symphyta (excluded is the Orussidae), their distribu- 


tion and larval biology. [* = families not occurring in southern Central America.] 


opportunity for colonization by these two families. 
With more intensive collecting it is possible that two 
other families, Pamphiliidae and Xyelidae, will even- 
tually be found in pine forests of northern Central 
America. Thus, of the 13 families of sawflies and 
woodwasps, four occur in southern Central America, 
and five to possibly seven occur in northern Central 
America. 

In Costa Rica sawflies have been collected at almost 
all localities sampled (except mangrove swamps), from 
sea-level to over 3000 metres in the mountains. 
Currently about 150 species are known to occur in 
Costa Rica and Panama. The vast majority of these 
species belong to the Argidae, Pergidae or the 
Tenthredinidae. The Costa Rican fauna represents a 
cross section of northern and southern elements. The 


northern range of a number of South American 
groups, such as the argid genus Acrogymnia and the 
xiphydriid genus Derecyrta, extends into the country 
and, conversely, Costa Rica represents the southern- 
most locality for other groups, such as the blenno- 
campine genus Periclista and the allantine genus 
Ametastegia. 

A synopsis of the natural history of sawflies was 
presented by Benson (1950). Although based on the 
British fauna, much of the information applies else- 
where and is a good general introduction to the 
Symphyta. Abe and Smith (1991) gave a list of world 
genera and current classification of the suborder. 
Taxonomic treatment of sawfly families of America 
south of the United States is provided by Smith (1988, 
1990, 1992, in preparation). 
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ANAL CELL 


1st DISCAL 


CELL 


Figs 6.02-6.10. Symphyta. Figs 6.02-6.03. Antenna of Sphacophilus (Argidae: Sterictiphorinae); 6.02, female; 6.03, male. Fig. 
6.04. Fore and hind wings of Scobina (Argidae: Arginae). Fig. 6.05. Hind wing, Sphacophilus (Argidae: Sterictiphorinae). Figs 
6.06-6.07. Fore and hind wings; 6.06, Perryia (Pergidae: Perreyiinae); 6.07, Aulacomerus (Pergidae: Loboceratinae). Figs 


6.08-6.10. Antennae; 6.08, Perreyia (Pergidae: Perreyiinae), male; 6.09, Aulacomerus (Pergidae: Loboceratinae); 6.10, 
Acordulecera (Pergidae: Acordulecerinae). 


ANAL CELL 


i; i = di? 
ANAL CELL ray í 
: ANAL CELLS 
MÀ = L Ey 5 a e a 


14 


Figs 6.11-6.18. Symphyta. Figs 6.11-6.14. Antennae; 6.11, Decameria (Pergidae: Perreyiinae); 6.12, Lagideus (Pergidae: 
Syzygoniinae), male; 6.13, Adiaclema (Tenthredinidae: Selandriinae); 6.14, Waldheimia (Tenthredinidae: Blennocampinae). Fig. 


6.15. Hind tibia of Syzygonia (Pergidae: Syzygoniinae). Figs 6.16-6.18. Fore and hind wings; 6.16, Selandriinae; 6.17, 
Blennocampinae; 6.18, Allantinae. 
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ANAL CELL 21 


Figs 6.19-6.22. Symphyta. Fig. 6.19. Fore wing, Nematinae. Figs 6.20-6.22, Derecyrta (Xiphydriidae); 6.20, neck and head; 
6.21, antenna; 6.22, fore and hind wings. 


Key to families of sawflies and woodwasps 3 Body elongate, with a distinct neck formed from 
present in Costa Rica elongate cervical sclerites (Figs 6.20, 6.41); 
1 Antennal flagellum comprising a single long fore wing with an enclosed anal cell, crossed 
segment, which may be bifurcate in some by anal crossvein (Fig. 6.22), but reaching to 

males (Figs 6.02, 6.03). ...... Argidae (p. 163) base of wing; hind wing with an enclosed anal 

— Antennal flagellum with four or more segments cell (Fig. 6.22); antenna 20- or more 
Meas lO S14, 6.2.1), o IA EUR 2 segmented, filiform (Fig. 6.21). .............. 

E O E ete Xiphydriidae (p. 175) 

2 Antenna 9-segmented, filiform (Figs 6.13-14); — Body robust, not elongate, and neck not elon- 
fore wing usually with vein 2r-rs present gated (Fig. 6.39); fore wing either without an 

(Figs 6.16-18). anal cell (Fig. 6.07) or with a short anal cell 

[Anal cell present in fore wing; hind wing with distally (Fig. 6.06) and 1A fused with 2+3A 

amal CM] 5 erem Tenthredinidae (p. 172) for much of its length proximally; hind wing 

— Antenna 6- to 7— or 10- to 20- or more seg- without anal cell (Figs 6.06, 6.07); antenna 
mented, filiform, pectinate, or  serrate 5— to 8— or 10- to 25-segmented, of various 

(Figs 6.08-12, 6.20); fore wing without vein shapes, filiform, serrate, or  pectinate 


PRS EES OO) 6:07 C27 ))s cccopncessesonnocnenace 3 (Figs 6:08 312) EM Pergidae (p. 167) 


6.1. ARGIDAE 


Diagnosis. Stout or elongate sawflies, ranging from 
4.0 to 12.0 mm in length; coloration typically all 
black, black with part or all of thorax red, yellowish or 
yellowish with various black markings: wings hyaline, 
black, yellowish, or yellowish with the apices black. 
Antenna 3-segmented, with flagellum or third segment, 
a single segment; males of some groups with flagellum 
bifurcate (consisting of two long branches; Fig. 6.03). 
Fore wing with an enclosed anal cell, and mostly with 
an enclosed anal cell in hind wing (Figs 6.04, 6.05). 
Male genitalia strophandrous (rotated 180°). 


Classification and distribution. The Argidae is 
cosmopolitan in distribution and comprises 51 genera 
and about 800 species, which are placed in six sub- 
families: Arginae, Atomacerinae,  Dielocerinae, 
Erigleninae, Sterictiphorinae and Zenarginae. All 
except the Zenarginae (an Australian subfamily) occur 
in the Neotropics and, except for the Dielocerinae, are 
represented in Central America. Smith (1992) has 


monographed the Argidae of the Neotropical region, 
the area where the family shows its greatest species 
richness. From this region (which actually included all 
of America south of the United States) Smith (1992) 
reported 32 genera and 356 species. 


Biology. All Argidae are phytophagous as larvae 
and most feed externally on leaves, although 
Schizocerella pilicornis feeds either externally or as a 
leaf miner. This species is possibly native to southern 
South America, but it now occurs from Argentina to 
Canada, and its biology has been fairly well studied 
(references given in Smith, 1992). The food-plant 
associations known for species occurring in Central 
America are listed in Table 6.2. 

Larvae of Argidae feed either singly or in groups. 
Didymia unifasciata, Manaos kimseyae and Ptilia peletieri 
all feed singly on the new flushes of leaves on 
seedlings (Kimsey & Smith, 1985). At least some 
species of Sericoceros on the other hand are known to 
feed gregariously. In Panama S. gibbus was observed 
laying a clump of 13 eggs in a loose cluster, which 


Fig. 6.23. Ptilia versicolor (Argidae). 


Argid species 


Didymia unifasciata 
Eriglenum crudum 
Manaos kimseyae 


Ptilia peletieri 


Food plant 


Rourea sp. 

Maecherium biovulatum 
Inga phagifolium 
Cnestidium rufescens 


Plant family 


Connaraceae 
Leguminosae 
Leguminosae 
Connaraceae 


Ptilia versicolor 
Schizocerella pilicornis 
Sericoceros gibbus 
Sericoceros vumirus 
Scobina consobrina Sida sp. 
Scobina guatemalensis Sida sp. 


Sphacophilus janzeni 
Trochophora lobata 


Rourea glabra 

Portulaca sp. 

Coccoloba manzanillensis 
Lonchocarpus minimiflorus 


Hymenaea coubaril 
Rourea glabra 


Connaraceae 
Portulacaceae 
Polygonaceae 
Leguminosae 
Malvaceae 
Malvaceae 
Leguminosae 
Connaraceae 


Table 6.2. Host plant associations of Central American argids. 


was attached to the under surface of new leaves. 
Larval feeding took 33 days. The larvae fed gregari- 
ously along the leaf margin, holding the abdomen 
erect, away from the leaf margin. When disturbed 
they either waved their abdomen or curled it down 
against the leaf and secreted droplets of fluid from the 
coxal bases. Sericoceros krugii, which occurs in Puerto 
Rico and other Caribbean islands, shows subsocial 
behaviour in that the female guards the egg mass 
(Martorell, 1941). Similar behaviour has been 
observed in some South American Dielocerinae (Dias, 
1975, 1976). These sawflies deposit eggs in clusters 
on the surface of a leaf, the female guards the eggs 
and young larvae, and the larvae feed in groups. 

The last larval instar of Argidae, like that of other 
sawflies, leaves the feeding site to spin a cocoon. Ptilia 
versicolor spins a fragile, fibrous cocoon on the twigs 
and stems of the plant (Smith, 1992). Larvae of 
Sericoceros gibbus enter the leaf litter and construct a 
thick brown silk pupal case attached to twigs and 
dried leaves (Kimsey € Smith, 1985). In argids 
showing subsocial behaviour, the larvae often spin 
cocoons in masses. Cocoon masses of subsocial 
Dielocerinae are found on trunks and limbs of trees 
and are protected by a common covering spun co- 
operatively by the larvae. 


Economic importance. Schizocerella pilicornis, 
which feeds on purslane (Portulaca oleracea), has been 
considered in biological control programmes of this 
weed (Clement & Norris, 1982). 


Identification. Keys to genera and species of 
America south of the United States are given by Smith 
(1992). The following key to subfamilies is modified 
from this work. 


Key to subfamilies of Argidae present in 
Central America 


1 Marginal cell of hind wing closed, with accessory 
vein at apex (Fig. 6.04); antennae inserted 
above level of middle of eyes; mid- and hind 
tibiae each with preapical spine. 

{Antennal flagellum of male simple; tarsal 
am seem Arginae (p. 165) 

— Marginal cell of hind wing open at apex (Fig. 
6.05); antennae inserted at or below level of 

middle of eyes; tibiae without preapical spines. 


2 Antennal flagellum of male simple; tarsal claws 
with a large acute basal lobe (Fig. 6.24); outer 
apical fore tibial spine nearly twice length of 
innenspine. coso Atomacerinae (p. 166) 

— Antennal flagellum of male bifurcate (Fig. 6.03); 
tarsal claws usually without basal lobe 
(Fig. 6.25); apical fore tibial spines subequal 
A emer eit eerie et 3 


3 Each mandible with two or three large teeth 
(Fig. 6.26); head transverse in dorsal view, 
broader than long. ....... Erigleninae (p. 166) 


— Left mandible simple or with two or three small 
teeth or with crenulations near centre, right 
mandible with single tooth near base 
(Fig. 6.27); head in dorsal view usually 
rounded, not notably broader than long. ........ 
ooo Sterictiphorinae (p. 166) 


Synopsis of the Costa Rican fauna 


Four subfamilies are represented by 15 genera and 
nearly 50 species in southern Central America; 13 of 
these genera and 31 species are recorded from Costa 
Rica, but more are expected to be found here. 


— Adi co E cordes 


ARGINAE 


This subfamily comprises 15 genera worldwide, two of 
which are present in the New World. They are moder- 
ate to large sized sawflies, 8.0 to 12.0 mm in length. 


Arge**. A holarctic and african genus comprising 
about 250 species. A large number occur in North 
America and several in Mexico, as far south as 
Chiapas. One, basimacula, occurs in Panama and 
Colombia. Head without sharp carinae, genal carina 
absent, pronotal furrow present. A key to New 
World species is given by Smith (1989). 


Figs 6.24—6.27. Scanning electron photomicrographs of Argidae. Figs 6.24—6.25. Tarsal claws; 6.24, Atomacera sp.; 6.25, 
Sphacophilus sp. Figs 6.26—6.27. Mouthparts; 6.26, Eriglenum sp.; 6.27, Sphacophilus sp. 


Scobina. A neotropical genus comprising about 50 
species distributed from Mexico south to northern 
Argentina. Eight of these occur in southern Central 
America and six, consobrina, dorsalis, guatemalensis, 
lepida, notaticollis and paradorsalis, are recorded from 
Costa Rica (Smith, 1992). Scobina is one of the most 
commonly collected sawfly genera in the 
Neotropics. Head with sharp carinae, genal carina 
present, pronotal furrow absent. 


ATOMACERINAE 


The subfamily comprises just one genus. They are 
small sawflies, 3.0 to 6.0 mm in length, and they are 
black or black with red markings on the thorax. 


Atomacera. A genus comprising about 32 species, 
ranging from southeastern Canada to Argentina. 
Nine species are present in southern Central 
America and four, ebena, lepidula, raza and tria, have 
been recorded from Costa Rica (Smith, 1992). 


ERIGLENINAE 


The subfamily comprises just four genera, all of which 
are restricted to the Neotropics. Eriglenines seem to be 
rather uncommon insects in Malaise trap catches. They 
are rather plump sawflies, 8.0 to 12.0 mm in length. 
Social habits occur in this subfamily, but do not seem 
to be as well-developed as in the South American sub- 
family Dielocerinae. One species is known to guard its 
eggs and cocoons are formed in masses (Smith, 1992). 


Eriglenum. A genus comprising four species. Two 
of these, crudum and tristum are present in Central 
America; both are known to occur in Costa Rica. 
The marginal cell in the fore wing is closed. 


Sericoceros. A genus comprising 20 species, four of 
which are present in Central America and three, 
gibbus, mexicanus and vumirus, are recorded from 
Costa Rica. The marginal cell of the fore wing is open. 


STERICTIPHORINAE 


This is the largest subfamily of argids with 24 genera 
worldwide. Twenty of these occur in the New World, 
and ten are known or thought likely to occur in Costa 
Rica. The genera may be distinguished using the key 
given in Smith (1992), but for convenience an aid to 
generic recognition is given in Table 6.3. 


Sterictiphorines are medium to large sized sawflies, 
6.0 to 12.0 mm in length. So far as is known, social 
habits are not developed, nor do the larvae form 
cocoon masses. 


Acrogymnia. A neotropical genus extending from 
Costa Rica southwards to northern Argentina. It 
comprises 11 species, but only A. palama is present 
in Costa Rica and Panama. 


Didymia®®. A neotropical genus ranging from 
Costa Rica to southern Brazil. It comprises 20 
species, two of which, D. unifasciata and D. nasuta, 
are present in southern Costa Rica. 


Hemidianeura. A New World genus ranging from 
the southwestern United States to northern 
Argentina, and containing over 30 species. Two 
species, H. leucopoda and H. menkei are known to 
occur in Costa Rica, but more species are expected 
to occur here. 


Manaos. A neotropical genus extending from 
Veracruz in Mexico southwards to Argentina. It 
includes 12 species, two of which, M. declivis and 
M. kimseyae, are known to occur in Costa Rica. 


Neoptilia. A New World genus with a range 
known to extend from the southwestern United 
States southwards to Venezuela and Ecuador. It 
includes 10 species; biramosa is known to occur in 
Costa Rica and three or four other species are 
present in Central America. 


Ptilia. A neotropical genus ranging from Mexico to 
southeastern Brazil that includes seven species, two 
of which, P. peletieri and P. versicolor, are present in 
Costa Rica. 


Schizocerella. A South American genus that com- 
prises four species, one of which, S. pilicornis, now 
occurs virtually throughout the New World. 


Sphacophilus. A New World genus comprising at 
least 60 species. Five species are known to occur in 
Costa Rica (barius, holmus, janzeni, latus and 
madunus) but others occur in Central America and 
may well be found here. Sphacophilus species are 


e claws bifid Neoptilia 


-Tarsal claws simple 
-Fore wing with marginal cell open at apex (Fig. 6.28) 
-Hind wing without an enclosed anal cell (cf Fig. 6.34) Schizocerella 
-Hind wing with an enclosed anal cell (cf Fig. 6.35) 
~Interantennal carina Y-shaped, sharp (Fig. 6.36) Acrogymnia 
-Interantennal carina straight, weak or absent (Fig. 6.37) Sphacophilus 
—Fore wing with marginal cell closed at apex (Figs 6.29-6.32) 
-Hind wing with jugal lobe grossly enlarged (Fig. 6.33) Trochophora 
-Hind wing with jugal lobe normal (Figs 6.34-6.35) 


—Marginal cell of fore wing with only a vestige of accessory vein present 
at apex (Fig. 6.29); antennal scape swollen Manaos 


—Marginal cell of fore wing distinct accessory vein present at apex 
(Figs 6.30-6.32); antennal scape not swollen 


—Fore wing with 3rd submarginal cell more or less evenly 
quadrate (Fig. 6.32) Hemidianeura 


—Fore wing with 3rd submarginal cell unevenly quadrate, with anterior side 
onger than posterior side and/or distal side longer than proximal side (Figs 6.30, 6.31) 


—Hind wing without enclosed anal cell (Fig. 6.34) Triptenus 
-Hind wing with an enclosed anal cell (Fig. 6.35) 
—Interantennal carina present (Fig. 6.38) Didymia 


—Interantennal carina absent (cf Fig. 6.37) Ptilia 


Table 6.3. Identification table for Costa Rican genera of Sterictiphorinae (modified from Smith, 1992). 


amongst the most commonly collected sawflies in 
Malaise trap catches from the Pacific coastal plain 
in Costa Rica. 


Diagnosis. Diverse in structure and size, ranging 
from 3.0 mm (the smallest known sawflies) to 
15.0 mm in length, mostly somewhat robust rather 
than elongate; black, black with red markings, or yel- 
lowish or orange with black markings; wings hyaline, 
black, yellowish, or yellowish with the apices black- 
ish. Antennae 6-, 7-, 8-, 10-, or 12- to 22-segmented, 
never 9-segmented; filiform, serrate, or even pectinate 
(Figs 6.08-12). Fore wing always lacking vein 2r-rs, 


Triptenus**. A neotropical genus occurring from 
Panama south to Brazil. It comprises two species 
one of which, T. romani, occurs in Panama. 


Trochophora. A neotropical genus occurring from 
Costa Rica south to Brazil. It comprises two species, 
one of which, T. lobata, is present in Costa Rica. 
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Figs 6.28-6.35. Sterictiphorine Argidae. Figs 6.28—6.32. Fore wing; 6.28, Sphacophilus sp.; 6.29, Manaos sp.; 6.30, Didymia 
sp.; 6.31, Triptenus sp.; 6.32, Hemidianeura sp. Figs 6.33-6.35. Hind wing; 6.33, Trochophora sp.; 6.34, Triptenus sp.; 6.35, 
Didymia sp. 


Fig. 6.39. Acordulecera sp. (Pergidae). 


generally without an enclosed anal cell (Fig. 6.07), 
except Perreyiinae (Fig. 6.06); hind wing without an 
enclosed anal cell (Figs 6.06, 6.07). Male genitalia stro- 
phandrous (rotated 180°). 


Classification and distribution. The Pergidae 
occurs in the Australian region, where it is the domi- 
nant sawfly group, and in South America, extending 
north to southeastern Canada. Pergids are not found 
in other parts of the world. The family comprises 14 


subfamilies, 57 genera, and about 500 species. In the 
New World there are eight subfamilies (three of which 
are shared with the Australian region), 32 genera, 
and over 350 species (Smith, 1990). The Conocoxinae 
and Philomastiginae are restricted to southern South 
America, whereas the other six subfamilies are widely 
distributed throughout tropical America. 


Biology. Like other tenthredinoids all Pergidae were 
thought to be phytophagous as larvae although some 
Australian species feed on dead and dying leaves 
(Tilyard, 1926). In Australia, where the habits of a 
number of pergids are fairly well known, most species 
are external feeders on foliage of woody plants, espe- 
cially on species of Myrtaceae, and many apparently 
sequester secondary plant substances which the larvae 
use for defence (Macdonald & Ohmart, 1993). Unlike 
most other pergids phylacteophagine larvae are 
miners in leaves (Naumann, 1991; Macdonald & 
Ohmart, 1993). 

Comparatively less is known about the larval food- 
plants and habits of New World species. A North 
American Acordulecera feeds on the leaves of 
Fagaceae and Juglandaceae (Smith in Krombein et al., 
1979) and a Costa Rican specimen of Incalia ameri- 
cana is labelled as ‘on Vitis’ (Vitaceae) and is associ- 
ated on the same pin with part of a leaf which bears 
about 70 eggs in a cluster on its surface (in Paris 
Museum). In South America a species of Syzygonia is 
definitely known to feed on’ Tibouchina spp. 
(Melastomataceae), a species of Heteroperryia con- 
sumes Schinus (Anacardiaceae) (Smith, 1990) and a 
few other species feed on cultivated plants (see 
below). In Central America clues to possible hosts are 
found on specimen labels: Anathulea sp., ‘from Luehea 
seemanil” (Tiliaceae); Decameria similis, ‘on Ficus 
carica’ (Moraceae) and ‘on mango’ (Anacardiaceae); 
and Perreyia tropica, ‘reared from grass roots’. 
However, these ‘records’ must be regarded with 
caution as they may simply be plants on which the 
adults were fortuitously collected. In Brazil Syzygonia 
cyanocephala exhibits subsocial habits, with the 
female guarding the eggs and young larvae (Azevedo 
Marques, 1933). 

Recently, the first record of fungivory in the 
Pergidae has been obtained in Costa Rica. About ten 
larvae of Decameria rufiventris were found at about 
1600 metres in Monteverde feeding on a jelly fungus 


(Auricularia sp.) growing on rotten wood (Olsen & 
Joyce, pers. comm.). Two were reared to adulthood. 
Some other perreyiines possibly have similar habits, 
as there are a few tantalizing records of them occur- 
ring in, for sawflies, atypical situations. The wingless 
female of a New Guinea species of Cladomacra, has 
been found guarding its eggs under a log (Naumann, 
1984). In Mexico masses of migrating larvae, possibly 
a Perreyia sp., have been observed crawling on the 
ground, and similar aggregations have been observed 
in Bolivia, Brazil and Guyana (Smith, 1990), and 
very recently, in Las Cruces Botanic Garden, Costa 
Rica (V. Thompson, pers. comm.). These aggregations 
of 50 or more larvae can be up to 30 cm long, 10 cm 
broad, and 5 cm high in the middle, and they 
progress as a single unit. In Costa Rica the larvae 
from one aggregation (Perreyia tropica?) were reared 
to adulthood on a diet of leaf litter (J. Ugalde, pers. 
comm). 


Economic importance. South American species of 
Haplostegus and Enjijus are sometimes pests of guava 
(Pyenson, 1940), and a number of species of Tequus 
damage potato crops in Peru and Bolivia (Smith, 
1980). In Brazil a species of Perreyia has occasionally 
been found to be common in pastures where they are 
consumed by and poison cattle (Camargo, 1956). 


Identification. Keys to genera and species of 
America south of the United States are given by Smith 
(1990). 


Key to subfamilies of Pergidae present in 
Central America 


1 Anal cell present in fore wing, petiolate; first 
discal cell very large (Fig. 6.06). 

[Mid and hind tibiae without preapical 

SPES Ene a Perreyiinae (p. 171) 

— Anal cell of fore wing absent, or only a basal 

stub of 2+3A present; first discal cell not 

unusually large (Ces, OHO), E 2 


2 Fore tibia with a single apical spine; mid and 
hind tibiae both without preapical spines. ....... 
LOCO Pergulinae (p. 171) 

— Fore tibia with two apical spines; mid and some- 
times hind tibia with  preapical spines 
(EID 6. 15)... m ERR 3 


3 Hind tibia without preapical spines. 
IDIOT Loboceratinae (p. 171) 
— Hind tibia with preapical spines (Fig. 6.15). .... 4 


DID 


4 Maxillary palp 6-segmented; labial palp 4-seg- 
mented;labiumutrilebate. ....5............:28.......... 
es. AIRS AN Acordulecerinae (p. 171) 

— Maxillary palp 3- to 5-segmented; labial palp 2- 
to 3-segmented; labium single lobed................. 
Al Syzygoniinae (p. 172) 


Synopsis of the Costa Rican fauna 


In Costa Rica there are probably at least ten genera 
and 40 species of Pergidae. Presently four subfamilies 
are known to occur in the country: Acordulecerinae, 
Loboceratinae, Perreyiinae and Syzygoniinae. A fifth 
subfamily, the Pergulinae, extends from Mexico to 
South America but it has not yet been collected in 
Costa Rica. Species of the Acordulecerinae and 
Perreyiinae are the most commonly collected pergids 
in Costa Rica. Most of the genera present in Costa 
Rica are widely distributed in the Neotropics (Mexico 
to northern Argentina), except for Incalia, which 
reaches the northern limit of its distribution in Costa 
Rica, and Sutwanus, which is restricted to Mexico and 
Central America. Acordulecera extends farther north 
than any other genus, reaching all the way to eastern 
North America. 


ACORDULECERINAE 

This subfamily only occurs in the New World where it 
is represented by eleven genera. Four of these are rep- 
resented in Costa Rica. They are small sawflies, 
usually 3.0 to 5.0 mm long, with antennae short, typ- 
ically filiform and 6- to 8-segmented (Fig. 6.10). 


Acordulecera. A widespread genus with a range 
that extends from Canada to Argentina. It is one of 
the largest taxa in the family and probably comprises 
at least 200 species, 15 to 20 of which are present in 
Costa Rica (all undescribed). They are small sawflies 
with short 6-segmented antennae, with the second 
segment not much longer than broad. 


Acorduloceridea. A neotropical genus comprising 
15 species with a total range extending from 
Mexico to Argentina. Two or three species occur in 


Costa Rica. They have the antennae 7-segmented, 
with the third segment shorter than or subequal to 
the fourth, laterally flattened in males. 


Anathulea. A neotropical genus comprising 
between 10 and 20 species, two or three of which 
are present in Costa Rica, including bimaculata. 
Their antennae are 6-segmented, longer than the 
width of the head, with second segment elongate. 


Sutwanus. A mesoamerican genus containing 
several species, only one of which, S. nigriceps, is 
present in Costa Rica. Antennae 7-segmented with 
the third segment longer than the fourth. 


LOBOCERATINAE 


This subfamily comprises three genera, all restricted 
to the New World. One is known to occur in Costa 
Rica. They are moderately large sawflies, mostly 8.0 
to 12.0 mm long, with the antennae 7-segmented 
(Fig. 6.09). 


Aulacomerus. This widespread neotropical genus 
includes about 28 species, five of which are present 
in Costa Rica, including hippolyte and lucidus. 


PERGULINAE 


A small subfamily that includes two genera, one in 
the New World and a second in Australia. They have 
7-segmented antennae. 


Haplostegus**. A widespread neotropical genus 
comprising about 15 species, known to occur in 
southern Mexico, Panama and throughout South 
America to southern Brazil. One species is known 
to feed on Psidium (Myrtaceae) in Brazil. 


PERREYIINAE 


This subfamily comprises seven genera, six in the New 
World, and one in New Guinea and Sulawesi, some 
species of which are unusual in having apterous 
females (Naumann, 1984; Shinohara, 1986). Two of 
the New World genera are represented in Costa Rica. 
Male perreyiines are more commonly collected than 
females; the latter are normally much larger than 
males, and awkward fliers that tend to be more seden- 
tary in their habits. The antennae are 10- to 25-seg- 
mented, often serrate or pectinate in males (Figs 6.08, 


6.11). Larvae of at least some species live and move in 
groups, and one species of Decameria is known to feed 
on a jelly fungus (Auricularia sp.). 


Decameria. A widespread neotropical genus com- 
prising 35 species, five of which (championi, nigriven- 
tris, rufiventris, similis and varipes) are present in 
Costa Rica. The females have the antennae 10- to 
18-segmented, usually serrate whilst those of the 
male are filiform or serrate (not pectinate); the mar- 
ginal cell of the hind wing is closed with its apex far 
from the wing apex. 


Perreyia. A widespread neotropical genus contain- 
ing 13 species. Two species, fumipennis and tropica, 
are known to occur in Costa Rica. The females have 
the antennae 16- to 24-segmented and filiform, 
while those of the male are pectinate; the marginal 
cell of the hind wing is either open or closed, its 
apex near the wing apex. 


SYZYGONIINAE 


This is an exclusively New World subfamily that 
includes five genera, two of which are represented in 
Costa Rica. All have the antennae 5- to 8-segmented, 


Lg c NE SR 


filiform or clubbed, with all or only several basal seg- 
ments pectinate in some males (Fig. 6.12). The fore 
wing has the costa swollen. 


Incalia. A neotropical genus that includes five 
species, one of which, americana, is extremely wide- 
spread and occurs from Costa Rica south to Bolivia. 
It is a large sawfly, more than 10.0 mm long, with 
an orange thorax and 7-segmented antennae. 


Lagideus. A neotropical genus comprising 22 
species, only one of which, longicus, is present in 
Costa Rica. It is a small sawfly, 5.0 mm in length, 
that is black with the fore and mid legs white, and 
the antennae 8-segmented. 


6.3 TENTHREDINIDAI 


Diagnosis. Medium sized sawflies, 4.0 to 10.0 mm 
in length, stout or elongate and somewhat cylindrical; 
commonly black, black with the thorax partly reddish 
or yellowish to orange with various black markings; 
wings hyaline, black, yellowish, or yellowish with the 
apices black. Antenna 9-segmented (at least in Costa 
Rican taxa), filiform (Figs 6.13, 6.14). Fore wing with 


Fig. 6.40. Metapedias subcaerulea (Tenthredinidae). 


an enclosed anal cell and usually with vein 2r-rs 
present; hind wing with an enclosed anal cell (Figs 
6.16-19). Male genitalia strophandrous (rotated 
180°). 


Classification and distribution. Globally the 
Tenthredinidae is the largest family of Symphyta, 
comprising about 350 genera and 4000 species, but 
in the Neotropical region it is comparable in size to 
the Argidae and Pergidae. Worldwide eight subfami- 
lies are recognized, of which four occur in southern 
Central America—Allantinae, Blennocampinae, 
Nematinae, and Selandriinae—which include about 
15 genera and 40 or more species in this region. 
Subfamilies absent from Costa Rica include: Dolerinae 
(holarctic and east Africa), Heterarthrinae (holarctic 
and southern South America), Susaninae (just one 
genus in the western United States and Canada), 
Tenthredininae (holarctic and Asia). 


Biology. In the North Temperate region the larvae 
of many tenthredinids are external foliage feeders, and 
although little is known of the habits of the Central 
American species, they are presumed to have a similar 
habit. Known host associations of Central American 
species are listed in Table 6.4. In Brazil some species of 
Metapedias feed on guava (Pyenson, 1940) and 
Erythrina (Leguminosae); in North America Periclista 
species are associated with Quercus spp. (Fagaceae), 
and Ametastegia species with Rumex and Polygonum 
(Polygonaceae). Most  nearctic species of the 
Selandriinae, the largest subfamily in Costa Rica, are 
associated with ferns, grasses and sedges growing in 
humid places, and the Costa Rican species might pos- 
sibly be found in similar habitats. 


Tenthredinid species 


Erythraspides interstitialis 
Metapedias intermedia 


Metapedias subcoerulea 
Waldheimia fascipennis 
Waldheimia suturalis 


Food plant 


Hamelia patens 
‘Erythrina rubrinervia' 
‘Spondias mombin' 
Conostegia xalapensis 
Cissus sicyoides 

Cissus rhombiflora 


Kimsey and Smith (1985) described the larva and 
gave some life history notes on Erythraspides intersti- 
tialis in Panama. A female was observed inserting 
eggs under the epidermis on the surface of a leaf. 
After hatching, the larvae fed gregariously, starting 
at the tip of the leaf and working toward the petiole. 
They fed on the leaf blade but did not consume the 
midrib or other large veins. When not feeding, the 
larvae remained together in a cluster on the under- 
side of the leaf. In the laboratory, mature larvae bur- 
rowed in the soil where they formed smooth-walled, 
silk-like cocoons. The period from hatching to cocoon 
formation was 15 days and adults emerged after ten 
days. 


Identification. Keys to the genera and species of 
America south of the United States are in preparation 
(Smith). 


Key to subfamilies of Tenthredinidae 
occurring in Costa Rica 


1l Fore wing with anal cell extending almost to 
base of wing (Figs 6.16, 6.18). ..................... 2 
— Fore wing with anal cell present only distally, 
veins 1A and 2+3A fused proximally (Figs 
6507536319). .. mmm... m 3 


2 Fore wing with anal cross vein usually absent 
(Fig. 6.16), but present in a few species; ante- 
rior margin of mesepisternum with epicne- 
TII ee. o S Selandriinae (p. 175) 

— Fore wing with anal cross vein present (Fig. 
6.18); anterior margin of mesepisternum 
without epicnemium. ..... Allantinae (p. 174) 


Plant family 


Rubiaceae 
Leguminosae 
Anacardiaceae 
Melastomataceae 
Vitaceae 
Vitaceae 


Table 6.4. Food plants of tenthredinid species in Central America (those 
in quotation marks are unconfirmed label data). 


3 Fore wing with veins M and 1m-cu, on either side 
of first discal cell, parallel; vein 2r-rs present; 
vein M meeting Sc+R very close to point 
where Rs-- M meets Sc+R so anterior corner of 
first subdiscal cell is quite pointed (Fig. 6.17). 
cen Blennocampinae (p. 174) 

— Fore wing with veins M and 1m-cu, on either 
side of first discal cell, markedly divergent pos- 
teriorly; vein 2r-rs absent; vein M meeting 
Sc+R far basal to point where Rs+M meets 
Sc+R so anterior corner of first subdiscal cell is 
truncately rounded (Fig. 6.19). 

[Rare in Costa Rica.] .. Nematinae (p. 174) 


Synopsis of the Costa Rican fauna 


Four of the eight subfamilies of Tenthredinidae are 
known to occur in Costa Rica, where they are repre- 
sented by about 50 species in 16 genera. 


ALLANTINAE 


A large and predominantly holarctic subfamily com- 
prising about 80 genera worldwide, which is repre- 
sented in the Neotropics by only about 30 species in 
the tribes Empriini, Acidiophorini and Allantini. Only 
two genera occur in Costa Rica, one in the Empriini 
(Ametastegia) and a second in the Allantini (Probleta). 
Smith (1979) revised this subfamily for the Nearctic 
region and included keys to all New World genera. 


Ametastegia. A primarily holarctic genus for 
which Costa Rica is the southernmost locality. A. 
championi has been collected at Vara Blanca, at an 
altitude of 2100 metres. Species of this genus have 
both mandibles bidentate and the clypeus subtrun- 
cate or with V-shaped emargination. Keys to species 
are given by Smith (1979). In North America 
several Ametastegia species are known to feed as 
larvae on herbaceous plants, although two feed on 
Salix (Smith, 1979). 


Probleta. A large neotropical allantine genus, with 
a range extending from Mexico south into South 
America. Only one unidentified species has been 
found in Costa Rica, at San Francisco (1100 m) in 
San José Province. Species of this genus have the 
mandibles asymmetrical and the clypeus deeply 
incised. 


BLENNOCAMPINAE 


A large and widespread subfamily with 84 genera 
worldwide and about 100 species occurring in the 
Neotropics. Four genera and at least ten species are 
present in southern Central America. Smith 
(1969a) has revised the nearctic fauna. 


Erythraspides. A genus comprising about 15 
species from eastern North America to southern 
Central America. E. interstitialis has been collected 
in Costa Rica. Species of this genus lack a closed 
discal cell in the hind wing, and have the inner 
tooth of the tarsal claw slightly shorter than the 
outer one. 


Metapedias. A genus that includes about 30 
species ranging from Mexico to northern Argentina; 
M. biolorata, intermedia and subcaerulea are known 
to occur in Costa Rica. Metapedias species lack a 
closed discal cell in the hind wing, and the marginal 
cell is short, ending some distance from the wing 
apex. 


Periclista. A holarctic and southern South 
American genus, with a single species present in 
Costa Rica. This species, which has been collected at 
about 2500 metres on the Cerro de la Muerte, is 
closely allied to holarctic species and Costa Rica 
thus represents the southern limit of distribution of 
this species-group. It is the only genus in Costa Rica 
in which the basal stub of vein 2+3A is turned up 
at its apex, not straight. 


Waldheimia. A primarily neotropical genus with a 
range extending northwards into the southwestern 
United States and south to Argentina. Waldheimia 
comprises about 80 species, around ten of which 
occur in Costa Rica, including annulipes, fascipennis, 
ochra, pallens, suturalis and trimaculata. These have 
the hind wing with the discal cell usually present, 
and the apex of the marginal cell close to the apical 
margin of the wing. The inner tooth of the hind 
tarsal claw is longer than the outer. 


NEMATINAE 


A very large and diverse subfamily comprising 42 
genera worldwide. The Nematinae is numerically the 
dominant subfamily in the Arctic and Subarctic 
regions of the world, but only a few species belonging 


to two genera, Nematus and Pristiphora, have been 
recorded from America south of the United States. The 
former genus is represented in southern South 
America by a single species, N. desantisi, which is a 
pest of willows (Salix spp.), while the latter has scat- 
tered representatives throughout tropical America. 


Pristiphora. A predominantly holarctic genus with 
over 100 species. It is represented by two species in 
Brazil, one in southern Mexico, one in Venezuela 
and two in Costa Rica. The Costa Rican species 
were collected at 1100 metres in Amistad National 
Park and at 1500 metres in Las Alturas biological 
station near the Panamanian border. They belong 
to the same species-group as a North American 


Inea. A tropical American genus with nine 
described and perhaps a further 16 undescribed 
species ranging from central Mexico to Colombia 
and Ecuador. Three species, bicolorata, pusilla and 
pygmaeus, are known to occur in Costa Rica. 


Liliacina. A neotropical genus with five described 
and perhaps a further five undescribed species that 
range from central Mexico to northern Argentina 
and southern Brazil. Only one species, diversipes, is 
known to occur in Costa Rica. 


Plaumanniana. A neotropical genus with 17 
described and perhaps a further eight undescribed 
species that range from southern Mexico to north- 


species that feeds on Quercus, and this could be the ern Argentina and southern Brazil. Two species are 
larval food-plant in Costa Rica. known to occur in Costa Rica. 
SELANDRIINAE Proselandria. A neotropical genus with eight 
This is a large subfamily that comrises 61 genera described and perhaps a further 17 undescribed 
worldwide. Unlike other  tenthredinids, the species ranging from Guatemala to northern 
Selandriinae seems to have a tropical peak of species- Argentina and southern Brazil. Two species are 
richness. In the New World, selandriines are very known to occur in Costa Rica. 
diverse and common in the Neotropical region where 
more than 200 species are estimated to occur, Rohwerina. A small mesoamerican genus with 
whereas only about 27 species are known from North two species, one in Mexico and a second, orna- 
America (Smith, 1969b). Genera in this subfamily are ticornis, occurring from southern Mexico to Costa 
rather difficult to separate and the numbers of species Rica. 
belonging to each has yet to be determined. l 
Approximately 30 species have been collected in Costa Stromboceridea. An American genus ranging from 
Rica, belonging to nine genera. the southwestern United States (Arizona) south 
along the Andes to northwestern Argentina. It com- 
Adiaclema. A neotropical genus with 30 described prises 25 described species with perhaps a further 
species, and probably a total of about 45 species, 20 undescribed. Four are known from Costa Rica: 
ranging from southern Mexico to northern bifer, laeta, mutica and testaceicornis. 


Argentina and southern Brazil. Four of these, 
including nobile, occur in Costa Rica. 


Dochmioglene. A neotropical genus with 19 n ý -— . 
described and perhaps a further five undescribed ~ Diagnosis. Elongate, cylindrical sawflies, 4.0 to 25.0 


species ranging from Guatemala to northern mm (usually 8.0 to 15.0 mm) in length; coloration 
Argentina and southern Brazil Two species are predominantly dark brown. Antennae long, filiform, 
known to occur in Costa Rica. 20- to 25-segmented. Head above eyes dome-shaped, 

usually shining. Cervical sclerites elongated, appearing 
Eustromboceros. A mesoamerican genus with as a short neck; posterior margin of pronotum emar- 
three described and perhaps a further seven unde- ginate; lateral lobes of mesoscutum usually divided by 
scribed species ranging from Mexico to Costa Rica. a transverse ridge. Tibiae usually without preapical 


Only a single species, nigromaculatus, is known to spines; fore tibia with one or two apical spines. Fore 
occur in Costa Rica. wing lacking vein 2r-rs (in Costa Rican species), anal 
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Fig. 6.41. Derecyrta sp. (Xiphydriidae), male. 


cell complete, crossed by an anal cross vein. Abdomen 
with first tergite medially divided; ovipositor project- 
ing beyond apex of abdomen; male genitalia 
orthandrous (not rotated 180°). 


Classification and distribution. The Xiphydriidae 
is a small family, with 23 genera and about 100 
species, which is widely distributed throughout the 
world except in Africa. The family is divided into two 
subfamilies: the Xiphydriinae (19 genera, Holarctic 
and Asia) and Derecyrtinae (three New World genera 
and one Australian genus). The Peruvian genus 
Eoxiphia is dubiously placed in the Xiphydriinae 
(Smith, 1988). Among New World Derecyrtinae, two 
genera are restricted to southern South America, 
whereas Derecyrta is widely distributed in the 
Neotropics. Interestingly, no xiphydriids are known 
from northern Central America (Honduras- 
Guatemala) and Mexico. 


Biology. The habits and food plants of neotropical 
species are not known, but the larvae of other 
Xiphydriidae are wood-borers in angiosperms. The 


nearctic species, all in the genus Xiphydria, prefer dead 
or moribund small branches of trees and shrubs 
(Deyrup, 1984; Smith & Middlekauf, in Evans, 1987a). 
The adult female makes an oviposition boring in the 
wood, in which she deposits a number of eggs. In the 
Palaearctic region ovipositing females are known to 
inoculate the ovipositional substrate with the spores 
of a symbiotic fungus—Daldinia, an ascomycete 
(Francke-Grosmann, 1967)—which are stored in a 
pair of abdominal sacs (mycangia) that open out to 
the base of the ovipositor (see Chapter 2.3). The eggs 
hatch within two to three weeks and the larvae 
tunnel in the wood, but seldom penetrate deeper than 
50 mm. The larvae generally complete development 
in a single year. The final instar larva is grub-like, 
with a well-sclerotized head capsule bearing 3- or 4- 
segmented antennae, reduced mammaform, true legs, 
no abdominal prolegs, and a conspicuous horn-like 
postcornus on the tenth abdominal segment. Pupation 
occurs in a chamber just below the surface of the 
sapwood (Chrystal & Skinner, 1932). Adult xiphydri- 
ids are most commonly collected from infested wood 
in rearing chambers. 


Identification. A key to the species of America 
south of the United States is given by Smith (1988), 
and the nine nearctic species of Xiphydria are treated 
by Smith (1976). 


Synopsis of the Costa Rican taxa 
Only a single genus, Derecyrta, is present in Costa Rica. 


Derecyrta. A neotropical genus comprising ten 
species occurring throughout South America north 
to Costa Rica, The only species present in Costa 
Rica is Derecyrta rugifrons, which is known only 
from the female holotype (Irazu, 2000-2300 metres 
elevation), and three other specimens that may rep- 
resent the male of this species, collected between 
700 and 1100 metres in Guanacaste and Braulio 
Carrillo National Parks. 


ODUCTION. e E 
Paul E. Hanson and Ian D. Gauld 


The traditional division of the order Hymenoptera into 
two suborders, the 'Symphyta' and Apocrita, is increas- 
ingly difficult to maintain since the characters used to 
unite the 'Symphyta' are mostly shared plesiomorphies. 
Moreover, there are several apomorphic characters that 
unite the Orussidae with the Apocrita, although orus- 
sids are usually classified in the 'Symphyta' (see 
Chapter 5). In our opinion, these features coupled with 
the fact that orussids develop as parasitoids, are an 
overwhelming argument for treating the Orussidae sep- 
arately from the sawflies and woodwasps, thereby 
breaking with the convention of maintaining the sym- 
phytan/apocritan divide. Although the Orussidae and 
Stephanidae probably do not comprise a monophyletic 
group, they are both primitive families of parasitoids. 
Both comprise species that are idiobiont ectoparasitoids 
of wood-boring insects, which is thought to be the 
ancestral biology of Apocrita (Gauld, 1988c). Therefore, 
if for no other reason, it is biologically convenient to 
treat these two families together. 

The position of the Stephanidae within the Apocrita 
is still unclear, since this family does not seem to show 
any close relationship with any other apocritan 
family. Rasnitsyn (1980) classified the Stephanidae as 
the only extant member of the  infraorder 
Stephanomorpha, and Gibson (1985) stated that the 
thoracic structures he studied support Rasnitsyn’s 
hypothesis that stephanids are a basal apocritan 
lineage. We agree that the Stephanidae probably rep- 
resents one of the most basal clades within the 
Apocrita. Although stephanids are very distinctive and 
fully warrant inclusion in a separate superfamily 
(Gibson, 1985; N.F. Johnson, 1988; Whitfield et al., 
1989), they do have a few structural characteristics in 
common with orussids, which makes their inclusion 
together in one chapter tenable. Species in both 
families have a crown of teeth on the head, and they 
possess similar basally narrowed,  scoop-like 


= The orussids and stephanids 


mandibles. These features could be regarded as 
synapomorphies, but more probably they are charac- 
teristics that evolved in the ancestor to the Orussidae 
+ Apocrita and which were then lost in most apocri- 
tans after the Stephanidae diverged (S. Shaw, pers. 
comm.). Another possibility is that these features were 
acquired convergently as a consequence of attacking 
hosts living in wood, as mandibles of this form are 
also found in some wood-inhabiting ichneumonoids. 


7.1 ORUSSIDAE 
David R. Smith 


Diagnosis. Elongate, cylindrical, ranging in size 
from 4.0 to 12.0 mm in length; usually black, some- 
times with legs reddish. Female antennae 10-seg- 
mented, fusiform, last segment peg-like (Fig. 7.02); 
male antenna 11-segmented, setaform (Fig. 7.03); in 
both sexes the antennae arise from the ventral aspect of 
the head, below the apparent clypeus (Figs 7.04, 7.05). 
Head often punctate, sometimes with carinae on the 
inner margins of the eyes, and with two to three pairs 
of tubercles on top of the head between the eyes (Figs 
7.04, 7.05); labrum tongue-like. Pronotum emar- 
ginate posteriorly. Wing venation reduced compared 
to that of Symphyta (Fig. 7.06); fore wing with distal 
ends of veins reduced to faint lines, only one radio- 
medial (cubital) cross vein (2rs-m) present, vein 2A 
present. Tibiae without preapical spines; fore tibia 
with two apical spines; fore tarsus 5-segmented in 
females, 3-segmented in males. Ovipositor sheath 
exserted; ovipositor thread-like, longer than body 
length, usually coiled within body and held in median 
groove on eighth sternite. Male genitalia orthandrous 
(not rotated 180°). 


Classification and distribution. The Orussidae 
has traditionally been classified in the suborder 
Symphyta (sometimes within the Siricoidea) because 
it shares several characters in common with the 


ra AR 
Fig. 7.01. Ophrynopus sp. (Orussidae). 
sawflies (see Chapter 6). These characters, however, subgenital plate (= hypandrium) with three tuber- 
are all primitive (plesiomorphic) features and thus do cles. Comprises two tribes, both of which are repre- 
not justify grouping them together. The Orussidae is a sented in the New World: 
cosmopolitan family consisting of 16 genera and 
about 100 species, of which seven genera and about Guigliini—two genera, Guiglia (Australia and 
20 species occur in the New World with three genera Chile) and Kulcania (southern Florida, and 
and about five species in Central America. The family Mexico to Colombia). 
is classified as follows (Abe & Smith, 1991): Ophyrynopini—four genera, Ophrella (Panama 
and Brazil), Ophrynopus (southern United States 
OPHRYNOPINAE: fore wing with 2r-rs joining to Argentina), Ophyrynon (southern California) 


pterostigma nearer its apex than its centre; male and a fourth genus in southeast Asia. 


ORUSSINAE: fore wing with 2r-rs joining 
pterostigma near its centre; male subgenital plate 
simple, without tubercles. Comprises four tribes, two 
of which are represented in the New World, 
although neither occur in tropical America. 


Leptorussini—four genera, Orusella (Chile), two 
others in Australia and one in the Afrotropical 
region. 

Mocsaryini—two genera, one in the Afrotropical 
region and the other in Asia. 

Orussini—three genera, Orussus (Holarctic), one 
Palaearctic and one Afrotropical. 

Pedicristini—one Afrotropical genus. 


Biology. The Orussidae are generally uncommon 
insects, but the females may occasionally be encoun- 
tered running with an ant-like gait over dead trees 
and logs. They seem reluctant to fly even when dis- 
turbed. The development of few species has been 
studied, but some are known to develop as parasitoids 
on the larvae or pupae of wood-boring beetles and 
other holometabolous insects (Rawlings, 1957; 
Nuttall, 1980). Some perhaps develop, at least in their 
first instar, by feeding on micro-organisms in the 
frass-filled tunnels of other wood-borers (Cooper, 
1953). Possibly such species complete development by 
feeding endophagously in the larvae or pupae of other 
insects encountered (Powell & Turner, 1975). 

Nuttall (1980), working with a New Zealand 
species, observed the early larva developing as a soli- 
tary idiobiont ectoparasitoid on an introduced siricid. 
Subsequent larval instars feed endophagously in the 
decomposing corpse of the host. The final instar larva 
is hymenopteriform, without legs (although they do 
possess sclerotized disc-like remnants of the thoracic 
legs), with a 1-segmented antenna and no postcornus 
(Smith & Middlekauff in Evans, 1987a). The larva 
pupates within or by the host remains. 


Identification. Middlekauff (1983) reviewed the 
Orussidae of North and Central America, and Smith 
(1988) provided a synopsis of all species from America 
south of the United States. 


Key to genera of Orussidae present in 

Central America 

1 Facial carinae complete, completely enclosing the 
frontal area (Fig. 7.05); punctures on lower 


part of frontal area each with several setae; 


maxillary palp reduced, apparently 3- 
segmented A rere Kulcania 


— Facial carina absent or weak, not completely 


enclosing frontal area (Fig. 7.04); punctures 
on frontal area each with only one or no 
setae; maxillary palp long, 5-segmented. ...... 2 


2  Setae in punctures of frontal area distinctly 
broadened and laterally flattened; fore wing 
with cu-a joining Cul far distal to M, at centre 
of discal cell; 3rd antennal segment subequal 
in length with 4th. .......... reet Ophrella 


—  Setae absent on frontal area, or if present 


slender and only expanded at apices; fore 
wing with cu-a arising nearly opposite base 
of M (Fig. 7.06); 3rd antennal segment 
longer than the 4th (Figs 7.02, 7.03). .......... 
CN Ophrynopus 


Synopsis of the Costa Rican fauna 


All Central American orussids belong to the subfamily 
Ophrynopinae. Both tribes are represented, the 
Guigliini by Kulcania, and the Ophrynopini by Ophrella 
and Ophrynopus. In Costa Rica the majority of orussids 
have been collected in the seasonally dry forests in 
northwestern Costa Rica. 


Kulcania. The genus comprises only a single 
species, K. mexicana, which occurs in Florida, 
Mexico, Costa Rica (‘San José’) and Colombia. 


Ophrella. This genus includes one species in 
Brazil, O. lingulata from Panama, and at least one 
unidentified species in Costa Rica (P. Hanson, pers. 
comm.). 


Ophrynopus. A genus containing seven species 
with a cumulative range extending from southern 
Arizona and Texas south to Argentina. O. nigricans 
has been recorded from the southern United States 
and Mexico south to Panama. Several unidentified 
specimens representing two or three species have 
been collected in Malaise traps in Santa Rosa 
National Park (300 m) in Guanacaste Province, 
and near Cuidad Colón (800 m) in San José 
Province. 


Figs 7.02-7.06. Orussidae. Figs 7.02—7.03. Ophrynopus sp., antenna; 7.02, female; 7.03, male. Figs 7.04—7.05. Heads; 7.04, 
Ophrynopus sp.; 7.05, Kulcania sp. Fig. 7.06. Fore and hind wings, Ophrynopus sp. 


lan D. Gauld 


Diagnosis. Moderate to large sized insects (body 11 
to over 60 mm in length, including the ovipositor; fore 
wing length 6.0 to 15.0 mm), elongate and cylindri- 
cal; black or dark brown in colour, ovipositor sheath 
with a subapical white band, a few species having a 
reddish head. Antenna 30- to 42-segmented, with 
flagellum long and thread-like; antennal insertion close 
to clypeus. Head more or less spherical; median ocellus 
surrounded by a ring of five (or more) blunt to quite acute 
teeth and usually with entire frons and vertex rugose 
to denticulate; mandible robust, tridentate, with the 
upper and lower teeth small and the middle tooth 
large and bluntly triangular. Pronotum extended anteri- 
orly into an elongate ‘neck’, posteriorly with upper 
corner more or less reaching tegula. Mesoscutum 
small, smaller than the scutellar region from which it 
is separated by a flexible transverse suture. Fore wing 


with costal cell broad; hind wing usually without 
enclosed cells. Fore leg with tibia centrally impressed, 
with a single apical spur; mid tibia without spurs; 
hind leg with coxa elongate and often transversely 
strigose, femur swollen with two or three large and 
several small denticles ventrally, tibia with a sub-basal 
constriction and two apical spurs, tarsus of female 3- 
segmented (neotropical species only), of male 5-seg- 
mented. Metasoma elongate, inserted into propodeum 
slightly above hind coxae; first tergite and sternite fused 
into a long cylinder (in neotropical species), that is gen- 
erally annulately striate; ovipositor longer than meta- 
soma, very slender. 


Classification and distribution. The Stephanidae 
comprises slightly less than 200 described species 
classified in about six genera. The group is cosmopoli- 
tan in distribution (Townes, 1949; Tobias, 1988) but 
it is most species-rich in the Old World tropics (Elliott, 
1922; Benoit, 1984a). Three genera occur in the New 
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Fig. 7.07. Megischus sp. (Stephanidae). 


World, Foenatopus, Megischus (= Hemistephanus) and 
Schlettererius. The last of these includes only a single 
species, and is restricted to pacific North America, 
from British Columbia south to California. In earlier 
works (e.g. Elliott, 1922) another genus, Stephanus, 
was also recorded from the New World. However, 
Stephanus is now restricted to include only a few Old 
World species, the females of which have a five- 
segmented tarsus. New World species previously 
placed within it belong to Megischus (Townes, 1949). 


Biology. Little is known about the biology of most 
stephanids and the following remarks are based on 
very few observations of mainly extratropical species. 
Stephanids are solitary idiobiont ectoparasitoids of 
wood-boring holometabolous insects and. possibly 
other insects using tunnels in wood, such as solitary 
bees (although this needs to be confirmed) 
(Kónigsmann, 1978a). The majority of recorded hosts 
in the tropics are buprestids (e.g. Townes, 1949; 
Benoit, 1984b) although in extratropical regions 
species are known to parasitize other wood-boring 
beetle larvae, such as bostrychids (Rodd, 1951b), and 
the larvae of siricids (Taylor, 1967). 


Female stephanids search for hosts in dead wood, 
often spending much time examining, with their 
antennae, the undersides of fallen trees. Oviposition 
has been described and figured by several authors (e.g. 
Rodd, 1951b; Taylor, 1967; Jansen et al., 1988), and 
some may actually bore through wood though others 
appear to be probers (see Chapter 4). The female 
begins by lifting her metasoma until it is at approxi- 
mately right angles to the axis of the body, thus bring- 
ing the long ovipositor to an angle of about 30° with 
the surface of the wood. As the ovipositor is inserted 
into the wood, the sheaths are pushed back in a loop 
at the top, and the wasp moves gradually backwards 
whilst the metasoma is slowly lowered. The depths of 
penetration suggest that the ovipositor actually enters 
the wood at right angles to the surface. Full insertion 
of the ovipositor has only been observed occasionally 
and is apparently not essential for successful para- 
sitism (Taylor, 1967). 

The female stephanid apparently stings and immo- 
bilizes the host larva prior to laying an egg on it 
(Taylor, 1967). This egg is elongate and has an 
extremely long, thin stalk posteriorly, which presum- 
ably allows it to distort as it passes down the lumen of 


the ovipositor. The egg hatches 10 to 14 days after 
oviposition and the small active grub-like larva feeds 
through an integumental lesion, sometimes in an 
intersegmental membrane. The first instar larva has 
simple, sharp pointed mandibles, but later instars have 
characteristic tridentate mandibles. The exact number 
of instars is not known although three were distin- 
guished by Taylor (1967). The final instar larva is 
hymenopteriform, with rather reduced mouthparts 
and without, or with a vestigial, salivary orifice. It 
consumes the entire host, except for the hardest 
chitinous parts, six to seven weeks after oviposition. 
The final instar larva pupates in the site where it 
finished feeding. No traces of a cocoon have been 
observed, and pupal exuviae occur within the final 
instar larval exuviae (Taylor, 1967). Male and female 
pupae are figured by Rodd (19515). 

Stephanids are most frequently encountered on or 
around dead standing and fallen trees, or around 
wooden buildings. I have observed, in Brunei, males 
of a species of Foenatopus congregating around a 
fallen tree from which females were emerging. This 
aggregation resembled those that have been observed 
for some tropical rhyssine ichneumonids (Eggleton, 
1990), which are also parasitoids of wood-boring 
insects. Mating behaviour has not been described in 
detail, but females of at least one species are known 
to copulate more than once (Taylor, 1967). Females 


begin to oviposit about 12 days after emergence from 
the log. 


Identification. The North American species are 
keyed by Townes (1949). The most complete work on 
neotropical species is the now dated revision by Elliott 
(1922), which was based on a very limited amount of 
material. Elliott probably recognized too many species 
as he had insufficient material to be able to assess the 
intraspecific variation that often occurs in species of 
wood-borer parasitoids. 


Key to genera of Stephanidae present in 
the New World 


1 Fore wing without enclosed discal or submar- 
ginal cells, with only three cells enclosed 
basally (Fig. 7.08); pterostigma centrally 
membranous and weakly pigmented; male 
with small, conspicuous, sharply defined disc- 
like tyloids on flagellar segments 2 to 11+ 
(Eig 7:10) a OCIO Foenatopus 

— Fore wing with an enclosed discal and submar- 
ginal cell, thus with at least five fully enclosed 
wing cells (Fig.7.09); pterostigma centrally 
sclerotized and strongly pigmented; male with 
large, inconspicuous and ill-defined concave 
tyloids on basal flagellar segments (Fig. 7.11). 


Figs 7.08-7.09. Stephanidae, fore wings. 7.08, Foenatopus sp.; 7.09, Megischus sp. 
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Figs 7.10-7.11. Scanning electron photomicrographs; basal segments of flagellum of male; 7.10, Foenatopus sp.; 7.11, 


Megischus sp. 


2 First metasomal tergite at least 4.0 times as long 
as wide, fused with sternite; hind femur with 
two large teeth ventrally; female with hind 
tarsus 3-segmented. ..........sscssccsseee Megischus 

— First metasomal tergite about 2.5 times as long 
as wide, not fused with sternite; hind femur 
with three large teeth ventrally; female with 
hind tarsus 5-segmented. .......... Schlettererius? 


! This genus is only known to occur in North America. 


Synopsis of the Costa Rican fauna 


In Costa Rica stephanids have only been collected at 
altitudes below 1400 metres, in both wet and season- 
ally dry forests. They are perhaps most commonly 
encountered below 300 metres. 


Foenatopus. Principally an Old World genus, with 
a few isolated species in Brazil. A single individual 
has been collected in Costa Rica, in Corcovado 
National Park on the Osa Peninsula. 


Megischus. This is principally a pantropical genus 
with about 60 described species, 25 of which occur 
in the Neotropics (Elliott, 1922). Five, as yet 
unidentified, species (which can be separated from 
each other by the form and sculpture of the prono- 
tum) have been found to occur in Costa Rica, Four 
nominal species—M. niger, M. furcatus, M. erythro- 
cephalus and M. ruficeps—have been recorded from 
Central America. Three of the five North American 
species—M. texanus, M. arizonicus and M. 
brunneus—have ranges that extend southwards into 
Mexico and the Caribbean, although they have not 
been recorded from Central America proper. 


Ian D. Gauld and Paul E. Hanson 


Rasnitsyn (1975, 1980) proposed the Evaniomorpha, a 
radically new group comprising the extant families 
Trigonalyidae, Megalyridae, Aulacidae, Gasteruptiidae, 
Evaniidae, Ceraphronidae and Megaspilidae. Although 
the features he used to characterize the group are prob- 
ably symplesiomorphic (N.F. Johnson, 1988), evidence 
is mounting to support Rasnitsyn’s hypothesis. Johnson 
(op. cit.) found support for this group in the form of the 
mid coxal articulation. Gibson (1985) found evidence 
for the monophyly of Megaspilidae + Ceraphronidae in 
the form of the mesotrochanteral depressor muscle and 
the location of the occlusor muscle apodeme. He also 
found evidence for a sister group relationship between 
these families and the Megalyridae in the position of the 
mesothoracic spiracle and the form of the mesotergal- 
trochanteral muscle. Whitfield et al. (1989) produced 
further evidence for the monophyly of Megaspilidae + 
Ceraphronidae in the form of the metapostnotal region, 
and found enlarged phragmal lobes in both the 
Aulacidae and Gasteruptiidae. 

The systematic position of the Evaniidae is somewhat 
problematical. The position of the insertion of the meta- 
soma in the propodeum has long been used as an apo- 
morphy for grouping the family with the Gasteruptiidae 
and Aulacidae, as the superfamily Evanioidea. However, 
Gibson (1985) found evidence suggesting that evaniids 
could be more closely related to some proctotrupoid 
families. On the other hand, the form of the mid coxal 
articulation observed by Norman Johnson (1988), 
which places the Evaniidae within the Evaniomorpha 
and separate from the proctotrupoids, conflicts with 
Gibson’s evidence. We therefore suggest retaining the 
evaniids in their traditional systematic position, but we 
have included this superfamily with the trigonalyids and 
ceraphronoids in a single evaniomorph chapter. 

The superfamilies and families comprising the 
Evaniomorpha are thus: 


| The evaniomorph parasitoid 


Trigonalyoidea Trigonalyidae 

Megalyroidea Megalyridae 

Evanioidea Aulacidae, Evaniidae, 
Gasteruptiidae 

Ceraphronoidea Ceraphronidae, Megaspilidae 


All families are represented in Mesoamerica except the 
Megalyridae, which is primarily a tropical Asian and 
Austral relict group (S.R. Shaw, 1990). Megalyrids are 
generally medium-sized wasps, with conspicuously 
exserted ovipositors; they can be distinguished from the 
other evaniomorphs, stephanids and ichneumonoids by 
the fact that the mesothoracic spiracle is apparently 
surrounded on all sides by the pronotum—thus appear- 
ing almost like a ‘keyhole’ in the sclerite. The super- 
families present in Mesoamerica can be identified using 
the key provided in Chapter 5. The Trigonalyoidea 
comprises a single family, Trigonalyidae; the families of 
the Evanioidea and Ceraphronoidea can be distin- 
guished using the keys given below. 


Key to families of Evanioidea 


1 Metasoma small and short, in lateral view not 
obviously larger or longer than mesosoma, 
usually smaller (Fig. 8.10); hind wing with a 
prominent jugal lobe; propleurae unspecial- 
ized, neither elongate nor forming a neck. ...... 
o o Evaniidae (p. 195) 

—  Metasoma of normal proportions, in lateral view 
longer than head and mesosoma combined 
(Fig. 8.08, 8.09); hind wing without a promi- 
nent jugal lobe; propleurae elongate, meeting 
dorsally and forming a Deck. seeren 2) 


2 Fore wing with vein 2m-cu present (Fig. 8.01); 
antennae inserted low down on face, near to 
tlrellowemm ase teolitlie eyes. «ceret 
Mon E O aiiai Aulacidae (p. 192) 
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Figs 8.01-8.04. Evaniomorph families. Figs 8.01—8.02. Fore wings; 8.01, Aulacus (Aulacidae); 8.02, Gasteruption 
(Gasteruptiidae). Figs 8.03-8.04. Dorsal view of body and wings; 8.03, Ceraphron (Ceraphronidae); 8.04, Conostigmus 


— Fore wing without 2m-cu (Fig. 8.02); antennae 
inserted higher up on face, at about mid level 
MITA ici Gasteruptiidae (p. 193) 


Key to families of Ceraphronoidea 


—  Midleg with one tibial spur; longer tibial spur of 
fore leg not forked apically; mesoscutum 
without notauli; antenna 7- to 11-segmented; 
metasoma with large, apparent first segment 
relatively broad anteriorly (Fig. 8.03); appar- 
ent fourth segment with a  mediodorsal 
Waterston's organ present anteriorly, though 
this is often concealed by preceding tergite; 
fore wing without a pterostigma (Fig. 8.03). .. 
oe ona Ceraphronidae (p. 199) 

— Mid leg with two tibial spurs; longer tibial spur of 
fore leg forked apically; mesoscutum usually 
with notauli well-developed; antenna 11-seg- 
mented; base of apparent first (the largest) 
metasomal tergite narrowed into a short 
‘neck’ (Fig. 8.04); Waterston's organ absent; 
fore wing often with a large pterostigma (Fig. 
SOL A —— Megaspilidae (p. 203) 


8.1 TRIGONALYIDAE 


David Carmean 


Diagnosis. Moderate to large sized (body 5.0 to 
13.0 mm in length, fore wing length 5.0 to 14.0 
mm); generally yellow and black or brown, or black- 
ish in colour. Antenna 15- to 27-segmented, males 
usually with tyloids (elongate to ovoid raised sensory 
areas) on outside of middle segments, females usually 
with ovoid or round sensory areas of stippling on 
middle segments. Mandibles usually asymmetrical, three 
teeth on left, four on right; maxillary palp usually 6- 
segmented. Pronotum with upper hind corner extend- 
ing back to more or less reach tegula. Fore wings 
usually with ten enclosed cells, including a costal cell. 
Legs with trochanters 2-segmented; in most genera 
the second segment of the hind trochanter divided; 
tarsi with plantar lobes present, usually long and 
hyaline; tarsal claws cleft. Metasoma with sternites 
sclerotized; first segment conical with tergite and ster- 


nite not fused; spiracles present only on tergite VIL, 
and then usually covered by hind margin of tergite VI. 

Among Central American trigonalyids, Nomadina 
has symmetrical mandibles, rudimentary palps and 
antennae with as few as 13 segments. Among trigo- 
nalyids not occurring in Central America, some 
species of Bareogonalos have symmetrical mandibles, 
and Orthogonalys species have the metasomal sternites 
unsclerotized. 


Classification and distribution. The Trigonalyidae 
comprises slightly more than 100 described species 
classified in 22 genera. The family is cosmopolitan, but 
its greatest species richness is in tropical regions. In 
Costa Rica there are eight genera and about 15 to 20 
species, which is more than there are in all of America 
north of Mexico. The Trigonalyidae is currently divided 
into six subfamilies: Bareogonaloinae, Disceneinae, 
Lycogastrinae, Nomadininae, Seminotinae and 
Trigonalyinae (Weinstein € Austin, 1991). However, 
this classification is based on the monograph by Schulz 
(1907) and the subsequent catalogue by Bischoff 
(1938), and the group is in need of extensive revision 
and reclassification. Genera such as Lycogaster and 
Seminota, which share apparent apomorphic features 
(swollen antennae and plough-shaped aedeagus), are 
currently placed in separate subfamilies with other, 
less closely related taxa. Furthermore, generic place- 
ment of species is often inconsistent from continent to 
continent. Many species descriptions are based on too 
few specimens to adequately appreciate the possible 
intraspecific variation in size, morphology and colour 
patterns. The projections from the sternites appear to 
have been gained and lost on several occasions, and 
their presence or absence may be variable even within 
some species. 


Biology. Except for some Australian species of 
Taeniogonalos which develop as primary parasitoids of 
pergid larvae (Raff, 1934) all trigonalyids are hyper- 
parasitoids of endoparasitic Ichneumonoidea and 
Tachinidae, or parasitoids of vespid larvae. Records of 
lepidopterous larvae as definitive hosts (e.g. by 
Weinstein & Austin, 1991) are doubtful and require 
confirmation (Naumann, pers. comm.). The female 
trigonalyid lays her eggs on leaves, but these do not 
eclose unless they are ingested by a phytophagous 
insect larva (usually a caterpillar), Within this larva 
the eggs hatch, but no further development of the 
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Fig. 8.05. Taeniogonalos sp. (Trigonalyidae). 


microtype larva ensues unless the caterpillar is para- 
sitized by another parasitoid, or is captured by a 

vespid and carried back to the nest. This method of 
encountering a host (ingestion of parasitoid eggs) is 

unique in Hymenoptera although it is known to occur 
in some Tachinidae. 

Known intermediate hosts for trigonalyids worldwide 
include the larvae of various species of Lepidoptera, ten- 
thredinoid sawflies, and Tipulidae. The definitive hosts 
are larger endoparasitoids (Ichneumonidae, Braconidae 
and Tachinidae) and predatory vespids (Weinstein & 
Austin, 1991). Although there are very few host 


records certain trends in host utilization are discernible. 

Some groups, such as Bareogonalos, Seminota and 

Nomadina, have only been reared from eusocial vespids, 

while many Taeniogonalos (= Poecilogonalos) species 
have only been reared from ichneumonoids and 
tachinids. However, Lycogaster has been reared from 
both parasitoids and solitary wasp predators of 
Lepidoptera. 

Trigonalyid females oviposit minute eggs (0.1—0.15 
mm long) on leaves, close to the margins. In some 
cases the eggs are lightly stuck to the leaf surface 
(Clausen, 1929), but in others the female holds the 


leaf in a notch formed between a projection from the 
second or third sternite and the last sternite, and 
punches the epidermis and inserts an egg into the 
mesophyll (Rodd, 1951a; Carmean, 1991). Some trig- 
onalyids appear to be unselective in their oviposition 
sites and one Costa Rican species has been reared 
from intermediate hosts that feed on plant species in 
eight families. In North America Lycogaster pullata has 
been recorded as ovipositing on plants from such 
diverse families as Fagaceae, Rhamnaceae and 
Compositae (Townes, 1956). Bareogonalos canadensis 
oviposited faster (once every 2.2 seconds) and for 
longer periods on Douglas Fir, compared to oviposition 
on other foliage, which was too erratic to measure 
(Carmean, 1991). 

Trigonalyids are extremely fecund and capable of 
laying several thousand eggs in their short adult life 
(Clausen 1929, 1931; Carmean, 1991). These eggs 
apparently do not develop further unless ingested by 
a folivorous insect larva. When in the gut of a folivo- 
rous insect the eggs hatch and it is assumed that the 
microtype trigonalyid larvae penetrate the gut wall 
and enter the haemocoel. In all New World 
trigonalyids there is no further development unless 
the folivore is preyed upon or parasitized by a suit- 
able definitive host. In these cases further develop- 
ment occurs in one of two ways, either within the 
body of a primary parasitoid larva feeding within the 
host, or else within the body of a vespid larva that 
has consumed the folivore. Once in this definitive 
host the trigonalyid undergoes five larval instars 
(including the first). The first three instars feed 
endophagously, but the fourth emerges from its host 
and feeds ectophagously (Cooper, 1954; Yamane, 
1O73); 

The first instar larva is minute (ca 0.1 mm long) 
with slender mandibles and posteriorly directed hooks 
and ventral spines (Clausen, 1931). The second instar 
larva lacks such hooks and has an unchitinized head, 
while the third instar larva possesses a large chitinized 
head and large mandibles, and is apparently adapted 
for eliminating supernumeraries (Yamane, 1973). The 
fourth instar larva is more hymenopteriform while the 
final instar larva is robust, with distinctive tridentate 
mandibles (Yamane & Kojima, 1982; Yamane & 
Terayama, 1983). At completion of feeding various 
species have been observed to construct an irregular 
cocoon, a silken partition or no cocoon at all (Clausen, 
1929; Yamane, 1973; Carmean et al., 1981; Yamane 
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& Kojima, 1982). The size of the adult is dependent 
on the size of the host it fed on (Carmean et al., 1981). 


Key to genera of Trigonalyidae occurring 
in Central America 


1 Tyloids not present, or female. .......................... 2 
—  Tyloids present (males only). ............................ 8 


2 Maxillary and labial palpi rudimentary; antenna 
with 14 (rarely 11-16) flagellar segments. ..... 
deese iS MD M ORIS: Nomadina 

— Maxillary palpus extends beyond mandibles, 
labial palpus normal; antenna with 15-26 
Ilagellarssegrments: ......... etri ette 3 


3 Antenna with 15-18 (rarely 19) flagellar seg- 
ments; metasoma smooth, shiny; mesosoma 
strongly rugose punctate; hind trochanter 
two-segmented. ............... ee Bareogonalos! 

— Antenna with 19-26 flagellar segments; if meta- 
soma smooth and shiny, then mesosoma not 
strongly punctate; hind trochanter apparently 
3-segmented (second segment diagonally 
divided) nak ei titio cm 4 


4  Metasomal tergites and sternites very smooth 
and thin (may be partially transparent), ter- 
gites folded under, intercalating with sternites; 
propodeum  areolate-rugose, covered with 
network of lines; carina around propodeal 
foramen thick, partially double-walled, 'U' or 
half circle shaped. 

[Ichneumonid mimics; antenna banded, 
when viewed dorsally head and thorax black 
with markings white (females and faded 
males) or yellowish white (males); metasoma 
reddish brown, may have extensive light or 
dark markings] ........ 9998... Orthogonalys** 

—  Metasomal tergites and sternites often punctate, 
thick, tergites overlap sternites laterally in a 
straight line, without overlapping sternites 
ventrally; propodeum punctate, or smooth, 
sometimes with concentric lines around 
foramen, but not covered with network of 
lines; carina around propodeal foramen thin 
(though sometimes tall), and ‘V’ or ‘U’ shaped. 

[Coloration various, not as above.]............ 5 


5 Eye viewed from below with hind margin 


behind mandible; propleuron and mesopleu- 
ron yellow and entire fore wing amber; in 
some species vertex behind ocelli flat, at 
back abruptly angled towards occipital 
carina; propodeal foramen evenly curved 
dorsally. 

[Mr in Xanthogonalos 


Eye with hind margin even with middle of 


mandible (less commonly at hind edge of 
mandible); propleuron dark, mesopleuron dark 
or dark with yellow markings (except 
Labidogonalos and Genus B, which also have 
only the leading half of the fore wing amber). 


6 Antenna spindle-shaped; propodeum without 


yellow or light markings; frons between anten- 
nae broad and flat, wider than length of first 
flagellar segment; tyloids absent. .................. 7 


Antenna filiform; propodeum often yellow 


marked; frons between antennae usually nar- 
rower and not as flat as described above; 
tyloids present in male. ................ eerte 8 


7 Wings amber or hyaline, not very dark; vertex 


curving evenly towards occipital carina. 
[Parasitoids of solitary wasps or 


. 8 The evaniomorph parasitoid 


8 Gena wide, extending far beyond mandible when 


viewed from below (Fig. 8.07); occipital carina 
overlaps sharp genal angle when viewed from 
below; occiput sharply excavated all the way 
to mandible (except in Genus A); glossy 
between antennae and above clypeus; frons 
strongly angled between antennae when 
viewed from side; female armature, if present, 
on third sternite; male tyloids oval or round, 
less than half the flagellar segment length. ..... 


Gena narrow, especially near mandible, not 


extending far beyond mandible when viewed 
from below (Fig. 8.06); occipital carina not 
forming top of a sharp angle with gena and 
occiput, occiput not sharply excavated, punc- 
tate above clypeus, flat or slightly angled 
between antennae in side view; female arma- 
ture, if present, on second sternite; male 
tyloids elongate, usually more than half the 
flagellar segment length. ........................... 11 


9 Occipital carina points toward hypostomal carina 


and then bends and parallels hypostomal 
carina to reach mandible; occiput not sharply 
excavated near mandible; black or very dark 
brown, often with white markings; most speci- 
mens with marginal cell and parts adjacent to 
it darkened. 


Edo cos acie ra Lycogaster [Mexico, known only from females.] ............. 
SVMS or part O very dark O AER ee ee Genus A? 
ceous; vertex sharply angled above occipital — Occipital carina goes straight to mandible edge; 
carina. occiput sharply excavated along occipital 
[Parasitoids of social wasps.] ......... Seminota carina all the way to mandible. .................. 10 


Figs 8.06-8.07. Lower posterior region of head, Trigonalyidae; 8.06, Labidogonalos; 8.07, Trigonalys. 


10 Body brown and yellow. ....................... Genus B? 
— Body black and white. ......................... Trigonalys 


11 Propleuron and mesopleuron yellow. ................... 


O ARNO Lecuona Labidogonalos 
—  Propleuron dark, mesopleuron dark or dark with 
yellow Markings. sees Taeniogonalos 


! An eastern palaearctic/North American genus 
whose range extends south into Mexico. 

? Undescribed genus only known to occur in 
Mexico. 


Synopsis of the Costa Rican fauna 


Eleven genera are reported to occur in America south 
of the United States (Weinstein & Austin, 1991), but 
New World species currently assigned to Poecilogonalos 
are here placed in Taeniogonalos, and Stygnogonalos is 
here considered to be a synonym of Trigonalys. Seven 
of the remaining nine New World genera, and 
about ten species are known to be represented in 
Costa Rica; Orthogonalys may also be here. The 
remaining described genus present in the New World, 
Bareogonalos, is eastern palaearctic and North 
American in distribution, with a range that extends 
south only as far as Mexico. Two undescribed genera 
are present in Mexico: Genus A known only from 
females; and Genus B which contains "Trigonalys" 
maculifrons, a species previously placed in 
Labidogonalos, but the shape of the head and tyloids 
show it is more closely related to Trigonalys. 


Labidogonalos. A small neotropical genus known 
from Mexico to southern Brazil. Two species proba- 
bly occur in Central America. Labidogonalos mimics 
Agelaia areata (Vespidae) and so is more elongated 
than most Trigonalyidae. 


Lycogaster. A medium sized genus known from 
southeast Asia and, in the New World, from Costa 
Rica northwards to Canada. A single species has 
been collected in Costa Rica. Species of Lycogaster 
mimic Brachygastra spp. (Vespidae). In Costa Rica 
most specimens have been collected from January 
to April. 


Nomadina. This small genus is limited in its distrib- 
ution to the Neotropical region, from Chile north to 
Costa Rica, but related genera are found in the 
Philippines and Taiwan. A single species has been 
collected in Costa Rica. Species have been reared 
from Agelaia and Polybia (Vespidae). Specimens have 
been collected in Costa Rica east of San José at an 
altitude of 1600 metres, and others have been col- 
lected in the mountains of western Panama. 


Orthogonalys**. This small, widespread, but rarely 
collected genus, is represented in both North and 
South America and thus likely to occur in Costa 
Rica, although as yet it has not been found. 


Seminota. This small genus is only known to occur 
in Central and South America, represented in Costa 
Rica by a single species. Seminota mimics one of its 
host wasps, Parachartergus apicalis, and most collec- 
tions have been made by rearing individuals from 
vespid nests. 


Trigonalys (= Stygnogonalos). A small neotropical 
genus with a range known to extend from Brazil 
north into Central America. Trigonalys melanoleuca 
is common in South America, but in Central 
America the genus is known from only a few speci- 
mens. T. championi, which occurs in Central 
America, has a projection on the third metasomal 
sternite of the female and has been placed in a sepa- 
rate genus, Stygnogonalos, though in other respects 
it is a typical member of Trigonalys. In Costa Rica a 
specimen of T. championi was taken in March at 
Pejibaye in Cartago Province. 


Taeniogonalos. |t is impossible to define the 
genera Poecilogonalos, Nanogonalos and 
Taeniogonalos so that they are each monophyletic, 
and all species should probably be included in a 
single genus. In the New World Taeniogonalos is a 
moderate sized genus. One species, apparently the 
same as the only North American species, T. 
costalis, mimics Polybia occidentalis (Vespidae). D.H. 
Janzen (pers. comm.) has reared it in northwest- 
ern Costa Rica from both tachinid and ichneu- 
monid parasitoids of various large Lepidoptera 
found on eight plant families. This variety indi- 
cates that Taeniogonalos is not specific for oviposi- 
tion, intermediate, or definitive host. 


pho <a 


Xanthogonalos. This is a small neotropical genus, 
but it is known from too few specimens to character- 
ize adequately and to confidently differentiate it from 
the more commonly collected and similar looking 
Labidogonalos. The shape of the aedeagus does not 
support placement of Xanthogonalos by Schulz (1907) 
in a separate subfamily with Seminota. 


> AULACIDAE 
Ian D. Gauld 


Diagnosis. Body length 8.0 to 12.0 mm (excluding 
ovipositor), fore wing length 6.0 to 12.0 mm; reddish, 
black or dark brown in colour. Antenna of female 14- 
segmented, of male 13-segmented, with flagellum mod- 
erately long and slender; antennal insertion low down 
on head, close to clypeus, with concave scrobes extend- 
ing ventrolaterally to malar space. Head oval, convex 
anteriorly; mandible robust, tridentate, with the lower 
tooth large and the upper two smaller and often blunt; 
maxillary palp 6-segmented, labial palp 4-segmented. 


| parasitoi 


Pronotum extending posteriorly so that upper corner 
more or less reaches tegula; propleurae extended anteri- 
orly into a conspicuous elongate "neck" mesoscutum 
convex, sometimes with anterolateral low conical 
processes, usually coarsely sculptured, usually with dis- 
tinct notauli, and posteriorly with a flexible transverse 
suture before scuto-scutellar groove; mesosternal region 
overlapping bases of mid coxae, and with posteriorly 
directed process extending between them; propodeum 
usually reticulately sculptured, with point of insertion of 
metasoma high, on upper surface, far removed from inser- 
tion of coxae. Fore wing with eight to ten enclosed cells, 
costal cell distinct and wide, pterostigma large and con- 
spicuous; hind wing venation reduced, usually without 
enclosed cells, though in some extralimital large species 
a single more or less enclosed cell is discernible. Tibial 
spur formula 1 : 2 : 2. Metasoma ellipsoidal, with first 
segment more or less conical, with a conspicuous lat- 
erotergite; sternites well-sclerotized; ovipositor longer 
than metasoma, slender. 


Classification and distribution. The Aulacidae 
comprises about 150 species distributed throughout the 


Fig. 8.08. Aulacus sp. (Aulacidae). 


world, although the greatest species richness seems to 
occur in tropical South America. Three genera are cur- 
rently recognized, one from the Afrotropical region 
(Benoit, 1984c; Madl, 1990) and two, Aulacus and 
Pristaulacus (= Aulacostethus sensu Townes, 1950), that 
are cosmopolitan (Townes, 1950; Pagliano, 1986; 
Konishi, 1990). Both occur widely throughout the New 
World, from Canada south to Chile. 


Biology. Aulacids are endoparasitic koinobionts of 
insects living in concealment in wood or twigs. Hosts 
include various families of wood-boring Coleoptera 
(especially Cerambycidae and Buprestidae) and 
Hymenoptera (Xiphydriidae and possibly nematine 
tenthredinids that form woody stem galls) (Carlson in 
Krombein et al., 1979; Barriga, 1990). The most com- 
plete study of the biology of any species (Aulacus stria- 
tus) was filmed by Skinner and Thompson (1960) in 
Britain. The female Aulacus locates the ovipositional 
boring of a woodwasp (Xiphydria camelus) in a crevice 
in the bark of a tree, inserts her ovipositor down the 
hole and lays a single egg in each of as many host 
eggs as she can reach. The aulacid larva ecloses from 
its egg and develops very slowly within the growing 
xiphydriid larva; it is characterized by having two 
sclerotized dorsal projections extending from the dor- 
solateral parts of the epistoma onto the frontal area 
(Short, 1978). Not until almost a year later, when the 
woodwasp larva is fully grown and has tunnelled up 
to just below the surface of the bark, does the para- 
sitoid larva complete development and kill the host. 
The aulacid larva emerges from the skin of its host, 
spins a cocoon in which it pupates, and emerges as 
an adult about two weeks later. The adult escapes by 
gnawing a hole through the thin cap of wood left by 
the xiphydriid. 


Identification. The nearctic species were keyed by 
Townes (1950) and a new nearctic species was 
recently described by Smith (1991); there is currently 
no comprehensive work on the neotropical species. 


Key to genera of Aulacidae present in the 
New World 


— Tarsal claws apparently simple or with an 
obscure basal tooth; occipital carina absent. ... 
Aulacus 


eesssssétassaeseosesseqasaqepsossoncessetupseeveoeeeveseceeteoo 


— Tarsal claws with distinct teeth; occipital carina 
present, at least on upper part of head. ............ 
es o bru ER Pristaulacus™ 


Synopsis of the Costa Rican fauna 


Both Aulacus and Pristaulacus occur in Central 
America, although the latter has not yet been col- 
lected in Costa Rica. 


Aulacus. A large, widespread genus present 
throughout the New World. Two species have been 
collected in Costa Rica, one in seasonally dry habi- 
tats in the northwest, the other in more uniformly 
wet lowland areas. 


8.3. GASTERUPTIIDs 


Ian D. Gauld 


Diagnosis. Body length 9.0 to 21.0 mm (exclud- 
ing ovipositor), fore wing length 5.0 to 10.0 mm; 
black or reddish in colour. Antenna of female 14-seg- 
mented, male 13-segmented, with flagellum moder- 
ately short and fairly stout; antennal insertion about 
at level of centre of eyes, well above clypeus, without 
concave scrobes extending ventrolaterally to malar 
space. Head oval, convex anteriorly; mandible 
robust, with apical tooth sharply pointed, subapical 
tooth small and broadened, and with a large, later- 
ally directed basal tooth which is obscured when 
mandibles are closed; maxillary palp 6-segmented, 
labial palp 4-segmented. Pronotum extending poste- 
riorly so that upper corner more or less reaches 
tegula; propleurae extended anteriorly into a conspicuous 
elongate ‘neck”; mesoscutum convex, with distinct 
notauli that meet centrally, and posteriorly with a 
flexible transverse suture before scuto-scutellar 
groove; mesosternal region overlapping bases of mid 
coxae; propodeum usually reticulately sculptured, with 
point of insertion of metasoma high, on upper surface, 
far removed from insertion of coxae. Fore wing often 
folded longitudinally, with six or seven enclosed cells, 
costal cell distinct and wide, pterostigma narrow but dis- 
tinct; 2m-cu absent; hind wing without enclosed cells. 


TEM 
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Fig. 8.09. Gasteruption sp. (Gasteruptiidae). 


Tibial spur formula 1 : 2 : 2; hind tibia distally 
strongly swollen, club-like. Metasoma elongate and lat- 
erally compressed, with first segment elongate, sub- 
cylindrical anteriorly; ovipositor from about as 
long as tergite I to longer than entire metasoma, 
slender. 


Classification and distribution. The Gasterup- 
tiidae is a moderately small family comprising about 
500 described species. It is almost worldwide in distri- 
bution, but is particularly well-represented in warm, 
rather dry regions such as much of Australia. The 
family comprises two subfamilies, the structurally 
rather primitive Hyptiogastrinae and the more derived 
Gasteruptiinae. The former group includes four genera 
endemic to the Australian region (Eufoenus, 
Pseudofoenus, Crassifoenus and Hyptiogaster), and one 
genus that occurs in both Australia and southern 
South America (Aulacofoenus) (Crosskey, 1953, 1962; 
Naumann, 1991). The Gasteruptiinae, which is cos- 
mopolitan in distribution, has at times been divided 
into five or six genera (see Crosskey, 1962). Townes 
(1950) classified the North American species in two 
genera, Gasteruption and Rhydinofoenus, but Crosskey 
(1962) points out that all supposed genera broadly 
intergrade. He proposed treating all species in a single 
large genus, Gasteruption, and this interpretation is 
followed here. 


Biology. Gasteruptiids develop, mostly as cleptopara- 
sites, in the nests of solitary bees and wasps. Recorded 
hosts include a wide variety of bees that nest in the 
ground, hollow stems or borings in wood; species of 
Sphecidae and Vespidae (Eumeninae and Masarinae) 
nesting in similar habitats are also attacked (Crosskey, 
1952; Naumann, 1991). Some species seem to have a 
rather broad host range. For example, the holarctic 
species G. assectator is known to attack both Prosopis 
(Apidae) and Trypoxylon (Sphecidae) species, whilst 
the European G. jocator is recorded as attacking 
species of Prosopis, Osmia (Apidae), Pemphredon 
(Sphecidae) and Odynerus (Vespidae) (Crosskey, 1952). 
In North America gasteruptiids are known to attack 
apid species of the genera Ceratina, Dianthidium, 
Hoplitus, Hylaeus and Megachile (Carlson in Krombein 
Ai ll, 318)72)). 

The female gasteruptiid lays an attenuated, pedun- 
culate egg in the nest of its host. The position in which 
the egg is placed seems to be species-specific. For 
example, it can be attached to the host's egg (e.g. G. 
caudatum), on the food store near the host egg (G. pyre- 
naicus), on the cell wall (G. thompsoni), or even outside 
the cell (G. rugulosum) (Malyshev, 1968). In other cases 
it appears that the egg is laid on the bee larva 
(Hóppner, 1904). On hatching, the gasteruptiid larva 
devours the host egg or larva (feeding as an idiobiont 
ectoparasitoid), and then generally continues feeding as 
a cleptoparasite on the stored food reserves, either 


pollen or arthropods. Where the host's nest consists of 
serially arranged cells, the gasteruptiid larva may go 
from one cell to another, devouring the contents of 
more than one cell (thus behaving as a predator). 

There appear to be three larval instars. The final 
instar larva is hymenopteriform with well-developed 
setae on the body and head, and with spiracles 
present on the second thoracic and first eight abdom- 
inal segments; the mouthparts consist of tridentate 
mandibles, protruding maxillary palpi, and disc-like 
labial palpi (Malyshev, 1968; Short, 1978). The final 
instar larva is unusual (possibly unique amongst 
apocritan Hymenoptera) in having the mid and hind 
gut connected. It thus produces a series of pellets of 
excrement, rather than voiding a single faecal mass 
(meconium) as is generally the case in apocritan 
larvae. The fully-grown larva spins a brown cocoon 
within the cell of its host. Adults are quite commonly 
found feeding from flowers. 


Identification. Townes (1950) provided keys to the 
North American species and Alayo (1972) gave a key 
to the two Cuban species. No keys are presently avail- 
able for the Central American species. 


Synopsis of the Costa Rican fauna 


Only the genus, Gasteruption, is present in Central 
America. 


Gasteruption. Eight species are catalogued as occur- 
ring in Mesoamerica (Hedicke, 1939), and I have 
seen about six species from Costa Rica. These include 
G. maculicornis, described from Guatemala, and five 
apparently undescribed species. In Costa Rica 
gasteruptiids have been most frequently collected in 
seasonally dry lowland habitats, but specimens have 
been taken up to an altitude of about 1600 metres 
on the edge of very wet forest. 


Mike Huben 


Body length 1.7 to 17.0 mm; colour pre- 


Diagnosis. 
dominantly black or dark brown to reddish orange, 
sometimes white marked, often with patches of silvery 


pubescence, sometimes sexually dimorphic in colour; 
head, mesosoma and petiole usually elaborately sculp- 
tured, the form of the sculpture varying greatly 
between species. Head broad; antennae 13- (or rarely 
10-) segmented, sexually dimorphic, with scape elon- 
gate and often with flagellum slightly clubbed. 
Mesosoma massive. Fore wing venation from fairly 
complete with seven enclosed cells, to very reduced 
with one enclosed cell, with a tiny coriaceous lobe; 
hind wing without enclosed cells, with one or two veins, 
with a prominent jugal lobe. Metasoma small, inserted 
high on propodeum, with a slender petiolate first segment 
and with remainder of mesosoma small and laterally com- 
pressed; ovipositor short, barely projecting beyond 
apex of metasoma. 

In tropical America evaniids are easily distinguished 
from other hymenopterans by their very small meta- 
soma, which is attached high up on the mesosoma. A 
similar high metasomal insertion is found in Aulacidae 
and Gasteruptiidae, as well as a few Braconidae (e.g. 
Coenocoelius) and Cynipoidea (Ibaliidae: Liopterini), 
Most of these taxa have a much more elongate meta- 
soma, and no other non-aculeate apocritans have a 
differentiated jugal lobe on the hind wing. 


Classification and distribution. The Evaniidae 
comprises about 500 described species currently 
classified into 17 genera. There are large numbers of 
undescribed tropical species in collections of major 
museums. The classification of the group is still largely 
that outlined by Kieffer (1912) and it is in need of 
revision. Many of the genera are of doubtful validity. 
The group is more or less cosmopolitan in distribution, 
but the overwhelming majority of species occur in the 
humid tropics. 

Seven genera—Prosevania, Evania,  Evaniscus, 
Evaniella, Semaeomyia, Hyptia and Genus D—occur in 
the New World, but two other neotropical species- 
groups are candidates for generic status. Chilean 
specimens that key to Semaeomyia and resemble the Old 
World genus Brachygaster, have other features that dis- 
tinguish them from both genera. Specimens that key to 
Evaniella, but have only six enclosed cells in the fore 
wing (vein 14 is shortened and encloses only one cell) 
are widespread. They need to be examined further to 
discern their placement relative to Evaniella. 


Biology. Based on rearings in Europe and North 
America all evaniids are presumed to develop within 
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Fig. 8.10. Evania sp. (Evaniidae) 


the oothecae of Blattaria (Lebeck, 1991), although it 
is worth emphasizing that virtually nothing is known 
about the host associations of the vast majority of 
tropical species. Known host records are summarized 
in Table 8.1. 

A few species present in Central America, such as 
Evania albofacialis, are physically quite large insects, and 
possibly develop in the very large oothecae of cock- 
roaches of the genera Nyctibora or Megaloblatta. 
Individual evaniid species do not seem to be particularly 
host specific. Evania appendigaster, for example, has been 


recorded as attacking five different species of synan- 
thropic cockroach (Cameron, 1957), and Brachygaster 
minuta is known to oviposit in the egg cases of three 
species of Ectobius in Britain (Brown, 1973). 

Female evaniids generally run about swiftly in the 
leaf litter or other places where their hosts oviposit, 
although they are capable of a short, jumping flight. 
Males fly sporadically for short distances. Individuals 
occasionally feed from flowers or extrafloral nectaries 
but they do not necessarily have to feed before ovipo- 
sition. Host-feeding is unknown (Brown, 1973). 


Evaniid genus Cockroach host References 


Brachygaster Ectobius spp. Brown, 1973 


Evania Periplaneta spp. 
Blatta sp. 
Melanozosteria sp. 


Neostylopyga sp. 


Cameron, 1957 
Cameron, 1957 
Swezey, 1929 
Swezey, 1929 


Rau, 1940; 
Edmunds, 1952 


Edmunds, 1954 
Edmunds, 1954 
Fahringer, 1922 


Hyptia Parcoblatta spp. 


Prosevania Periplaneta sp. 
Blatta sp. 


Blattella sp. 


Zeuxevania 


Loboptera sp. 


Genieys, 1924 


Table 8.1. Recorded hosts of evaniid genera. 


Female evaniids are not known to attack the ootheca 
while it is still being carried by the parent cockroach, 
but they may prefer newly deposited, relatively soft 
oothecae. Species that attack  symanthropic 
cockroaches frequently enter buildings (Thoms & 
Robinson, 1986). 

Evaniid species that attack oothecae concealed in 
sandy places excavate and uncover the ootheca prior 
to oviposition, then subsequently cover it with sand. 
Details of the oviposition of one species are given 
by Brown (1973), who observed a very precise 
behavioural sequence. The  ovipositing female 
frequently turns the ootheca around to a favourable 
orientation, so that the long axis of the ootheca is 
parallel to the long axis of her body. The female often 
oviposits while lying on her side. Oviposition 
generally takes quite some time, around 30 minutes 
being most common (Edmunds, 1954; Cameron, 
1957), but up to five hours in one instance (Brown, 
1973). 

Evaniid eggs are whitish and sausage-shaped, with 
one end slightly constricted. They are deposited singly 
in the ootheca, sometimes between the cockroach 
eggs (Edmunds, 1954) or actually within the host egg 
(Genieys, 1924; Brown, 1973). In some cases super- 
parasitism is known to occur, the female wasp accept- 
ing previously parasitized hosts (Kumarasinghe & 
Edirisinghe, 1987), even though only a single evaniid 
develops to maturity. There appear to be five larval 
instars (Cameron, 1957; Brown, 1973), although 


some authors have recorded only three. The first 
instar is often endoparasitic within a single egg but 
subsequent instars behave as egg predators within the 
ootheca (Clausen, 1940b). 

The larva is typically hymenopteriform; early 
instars lack spiracles and have simple, sharply 
pointed, triangular mandibles, which are often bor- 
dered with minute denticles. Later instars have nine 
pairs of spiracles (on the first and third thoracic seg- 
ments, and the first seven abdominal segments) and 
the mandibles are more or less bidentate, with the 
lower tooth longer; larger species generally have the 
upper tooth blunt, broad and slightly concave so that 
the mandible appears tridentate (Genieys, 1924; 
Cameron, 1957; Short, 1978). When it has consumed 
the contents of the ootheca, the final instar larva rests, 
and has a typical prepupal form. In this state it may 
diapause during an unfavourable season, or it may 
pupate, in which case the adult emerges a few days 
later. 


Identification. The North American species are 
keyed by Townes (1949). There are no satisfactory 
keys to the neotropical species, except for Cuba 
(Alayo, 1972). The older keys by Kieffer (1912) are 
now very outdated and not recommended. Hedicke 
(1939) has catalogued the World species. 


Key to genera of Evaniidae present in the 
New World 


1 Fore wing with six or seven enclosed cells 


(Pig Sai Bel 2) AEAEE EE ee AAT 2 
— Fore wing with three or fewer enclosed cells 
Migs 81378 A RA 5 


2 Hind coxa separated from the mid coxa by 2.0 or 
more times the length of the mid coxa 
(SS e a iiO 3 

— Hind coxa closer to mid coxa, separated from it 
by less than 2.0 times the mid coxa length 
(Eig? SAG) eir e aea M nee 4 


3 Fore wing with seven enclosed cells (Fig. 8.11); 
hind wing with two linear veins. ......... Evania 

— Fore wing with six enclosed cells (Fig. 8.12); 
hind wing with a single vein. .......... Evaniscus 


Figs 8.11-8.16. Evaniidae. Figs 8.11-8.14. Fore wings; 8.11, Evania sp.; 8.12, Evaniscus sp.; 8.13, Semaeomyia sp.; 8.14, 
Hyptia sp. Figs 8.15-8.16. Mesosoma and coxae; 8.15, Evaniscus sp.; 8.16, Evaniella sp. 


4 Pace fme striate, LL. Prosevania? 
A ie Evaniella 


5 Fore wing with three enclosed cells (Fig. 8.13). .. 


SOODOROSERIORO TNR SD RTL EER eee eee Semaeomyia 

— Fore wing with only a single enclosed costal cell 
JUNG. eee O or 6 

6 Antenna 13-segmented. ............................ Hyptia 
— Antenna 10-segmented. ........................ Genus D 


! A large Old World genus represented in the New 
World by the introduced species, P. fuscipes, in the 
eastern United States. 


Synopsis of the Costa Rican fauna 


All six endemic New World genera are present in 
Costa Rica where there are at least 30 evaniid species. 
The family is present at virtually all altitudes, 
although it is most diverse and abundant in the 
lowland wet forests. 


Genus D. A small undescribed genus restricted to 
the Neotropical region, where it is most frequently 
collected at high altitudes, although in some areas it 
has been collected at much lower elevations. Three 
species occur in Costa Rica. 


Evania. This genus (sensu Townes, 1949) is wide- 
spread and speciose in the Old World tropics, and 
is represented in Central America by perhaps five 
endemic species and the cosmopolitan E. appendi- 
gaster. This latter species is widespread in Costa 
Rica and common in metropolitan areas along 
with its synanthropic cockroach hosts. The 
endemic mesoamerican species, E. albofascialis, is 
the only other Evania species yet found in Costa 
Rica. This species can be common in Malaise trap 
samples from mid elevation forests. Many of the 
twenty or so described American species currently 
placed in this genus should be transferred to 
Evaniella. 


Evaniella. This large New World genus is one of 
the most speciose taxa in Costa Rica, where it is 
represented by at least eight species. 


Evaniscus. This small endemic neotropical genus is 
represented in Costa Rica by a single extremely 
uncommon species, E. marginatus. Isolated speci- 
mens have been collected in seasonally dry forests 
in northwestern Costa Rica. The Australian species 
included by Kieffer (1912) in this genus are improp- 
erly assigned. 


Hyptia. This genus (here taken to include 
Evaniellus and Chalcidopterella) is a large New World 
taxon with seven described species in the United 
States, and ten additional species in Mesoamerica. 
Numerous other species occur in the Caribbean and 
South America. Eight species occur in Costa Rica. 


Semaeomyia. A moderately large, neotropical 
genus that resembles the Old World genus 
Brachygaster (with which it has sometimes been 
amalgamated, although it is distinct in several fea- 
tures). Six species of Semaeomyia have been 
described from Central America, and about eight 
occur in Costa Rica. 


8.5. CERAI 


Paul Dessart 
Diagnosis. 0.5 to 3.3 mm in length; mostly black 
or dark brown, sometimes yellow, never metallic; 
fully winged or sometimes brachypterous. Antenna 
of female 10-segmented (very rarely 7-, 8- or 9- 
segmented), that of male 11-segmented (in one 
species 10-segmented), attached close to mouth, genicu- 
late with long scape, sometimes clavate in female, 
anelli absent. Pronotum extends to the tegulae; mesos- 
cutum usually without notauli, but with a median 
longitudinal furrow. Wing venation very reduced, con- 
sisting of submarginal, marginal and stigmal (radial) 
veins, the latter usually long and curved; without a 
pterostigma. 'Trochanters 1-segmented; fore tibia with 
two apical spurs, longer spur not forked apically; mid 
tibia with one spur, hind tibia with two. True first 
segment of metasoma reduced, present as a small 
and rather concealed petiole and forming anterior 
surface of the broad second metasomal segment; the 
large, apparent first (but in reality the second) 
segment of metasoma relatively broad anteriorly, 
with anterior transverse carina, generally followed 
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Fig. 8.17. Ceraphron sp. (Ceraphronidae). 


by longitudinal carinae;  Waterston's organ 
present, sometimes visible as a dark spot at the base 
of tergite V (the third short tergite after the large 
one) but often concealed by tergite IV (Dessart, 
WQS). 

Brachypterous forms can be separated from other 
brachypterous microhymenoptera by the number of 
antennal segments and the form of the basal meta- 
soma. They can be distinguished from brachypterous 
megaspilids by the absence of notauli. Winged forms 
have a very distinctive venation that is shared only 
with male lagynodine megaspilids. The latter 


however, generally have the anterior end of tergite II 
(the large apparent first tergite) narrowed into a 
short ‘neck’. 


Classification and distribution. The Cera- 
phronidae and Megaspilidae together comprise the 
Ceraphronoidea (Masner & Dessart, 1967). In earlier 
works these taxa were often included in the catch-all 
group ‘Proctotrupoidea’, but most modern workers 
(e.g. Konigsmann, 1978a; Muesebeck in Krombein et 
al., 1979; Gauld & Bolton, 1988) accept the separa- 
tion of these taxa as a distinct superfamily. 


The family Ceraphronidae comprises approximately 
350 described species, which are classified in 14 
genera. Eight of these genera are monotypic and the 
status of many is uncertain (Dessart & Cancemi, 
1986). The family is cosmopolitan in distribution as 
are the largest genera, Aphanogmus and Ceraphron. In 
addition to these two cosmopolitan genera the New 


World fauna also includes four small genera: 
Ecitonetes and Pteroceraphron (both monotypic); 
Synarsis (one described North American species); and 
Homaloceraphron (three described species, all North 
American). 


Biology. Biologically the Ceraphronidae is an enig- 
matic group and very little data are available about 
the extent of their host ranges or their interactions 
with hosts. What little reliable information is avail- 
able concerns species of the two principal genera 
Aphanogmus and Ceraphron, but observations seldom 
extend beyond the simple recording of which species 
served as a host. However, these data do show that 
the host range of the Ceraphronidae is large, and 
embraces at least five orders: Diptera, Hymenoptera, 
Thysanoptera, Homoptera and Neuroptera. 
This diverse host range seems to have two biological 
foci: 

i) small, and sometimes quite active insects living in 

weak concealment; 
ii) the prepupae of other hymenopterous parasitoids. 


Hosts in the first category include predatory 
cecidomyiid larvae (Parnell, 1963), phytophagous 
cecidomyiids (Bakke, 1955; Austin, 1984), conioptery- 
gids (Priesner, 1936) and perhaps other small neu- 
ropterans (Chiu et al., 1981), and triozid psylloids 
(Dessart, 1978). Muesebeck (in Krombein et al., 1979) 
notes that Drosophilidae, Sciaridae, Syrphidae and 
Phoridae also serve as hosts for ceraphronids. Several 
species of Ceraphron and Ecitonetes have been collected 
in the nests of cricetid rodents and in association with 
army ants (Dessart, 1979; Muesebeck in Krombein et 
al., 1979) where they might be parasitizing dipterans. 
Some species of Aphanogmus seem quite polyphagous, 
and have been recorded parasitizing larvae of diverse 
aphidophagous and acariphagous species of cecidomyi- 
ids, as well as some feeding on fungal mycelia (Dessart, 
1992). Hosts in the second category include various 
braconids, ichneumonids (Muesebeck in Krombein et 


al., 1979), bethylids (Dessart, 1988) and dryinids 
(Swezey, 1908). 

At least some species in the first category almost 
certainly develop as koinobionts and are definitely 
endoparasitic. For example, Aphanogmus fulmeki from 
Europe and North America, develops internally in the 
midge larva, finally pupating within the skin of the 
mature host larva (Parnell, 1963; Dessart, 1992). 
Endoparasitism has also been observed in other species 
parasitizing phytophagous cecidomyiid larvae (Bakke, 
1955), one having even occasionally parasitized 
preadult stages of thrips (Dessart & Bournier, 1971). 
Less is known of the biology of the hyperparasitic 
species of Aphanogmus and Ceraphron, but some seem 
to be idiobiont ectoparasitoids. For example, Ceraphron 
abnormis develops as an ectoparasitoid on Dryinidae, 
attacking the host at the larval/ prepupal stage after it 
has woven a cocoon (Swezey, 1908). 

All ceraphronids, both males and females, possess a 
reticulate alveolar area on the metasoma mediodor- 
sally near the anterior margin of the apparent fourth 
tergite. This area, the so-called Waterston’s organ, is 
generally covered by the hind margin of the preceding 
tergite. Its function is unknown, but it is possibly an 
evaporative surface for some volatile secretion 
(Dessart, 1992). 


Economic importance. Some species of 
Aphanogmus are sometimes considered pests since 
they parasitize cecidomyiid predators of aphids, 
mealybugs and spider mites (Oatman, 1985; Dessart, 
1992; Gilkeson et al., 1993). The hyperparasitic 
species of Aphanogmus and Ceraphron could also be 
considered as pests since they sometimes attack 
primary parasitoids of commercially important 
insects. For example, in Barbados, releases of Cotesia 
plutellae (Braconidae) for biological control of the 
diamond-back moth (Plutella xylostella, Plutellidae) 
may be negatively affected by Aphanogmus fijiensis, 
which reaches parasitism levels of 13 percent during 
the wet season (Cock, 1985). Parasitism of the 
cecidomyiid spider mite predator, Feltiella acarivora, 
by Aphanogmus floridanus was observed to be as high 
as 89.7 percent in strawberries in California 
(Oatman, 1985) and in commercial cultures in 
Canada parasitism of the cecidomyiid aphid predator 
Aphidoletes aphidimyza by A. fulmeki reached 50 
percent (Gilkeson et al., 1993). 


Figs 8.18-8.24. Ceraphronidae. Figs 8.18-8.19. Antenna of male; 8.18, Aphanogmus sp.; 8.19, Ceraphron sp. Figs 8.20-8.21. 
Females, in lateral view; 8.20, Synarsis sp.; 8.21, Aphanogmus sp. Fig. 8.22. Ecitonetes sp., body, dorsal view. Fig. 8.23. 
Homaloceraphron sp., whole insect, in lateral view. Fig. 8.24. Fore wing, Pteroceraphron sp. 


Identification. Keys to the world genera are pro- 
vided by Dessart and Cancemi (1986), and the six 
genera known from the New World can be separated 
by the key given below. Ceraphron has been divided 
into six subgenera, which can be separated by keys 
given in Dessart and Cancemi (1986). 


Key to genera of Ceraphronidae known to 
occur in the New World 


l Mesosoma clearly compressed (higher than 
wide); male antenna with flagellum more or 
less serrate, with both short and long setae 
(Fig. 8.18), the longer setae longer than width 
of antennal segment from which they arise. ... 


— Mesosoma almost always wider than high; male 
antenna with flagellum cylindrical (Fig. 8.19), 
with short setae and strong, compressed, 
Iza ca. orton cada 3 


2 Mesosoma very strongly compressed and head 
large, in dorsal view with greatest width 
across head about 2.0 times width of meso- 
soma; head in profile about as long as meso- 
soma (Higas.20). i malen: Synarsis! 

—  Mesosoma only moderately compressed and head 
of moderate size, so that in dorsal view head is 
only slightly broader than mesosoma; head in 
profile generally shorter than mesosoma (Fig. 
[3o21LY uec MC. Aphanogmus 


3  Mesoscutum, axillae and: scutellum fused, 
without furrows (Fig. 8.22). 

[Carinae at base of largest metasomal 

segment very short; females brachypterous, 


males MN Ecitonetes 
—  Mesoscutum, axillae and scutellum separated by 
PURO WS (RIE 80S). coercere eee enero eee Eae 4 


4 Propodeum elongate; females brachypterous 


(Fig. 8.23). 
[Carinae at base of largest metasomal 
segment very short.] ........... Homaloceraphron! 


—  Propodeum not elongate; females fully winged or 
DESC y DECEULS. Coreen cetonreesve rapinae riae cerei ERE 5 


5 Females (males unknown) with fore wing shiny 
brown, tapering apically to an angular point, 
with marginal setae long (Fig. 8.24). .............. 
PN MS ee Pteroceraphron! 

— Both sexes, fore wing not shiny brown, apically 
rounded, with marginal setae usually shorter 
(Fig. 8.03); or with wings reduced. .................. 
O A oe Ceraphron 


! Genera not yet recorded from Costa Rica. 


Synopsis of the Costa Rican fauna 


In Costa Rica ceraphronids have been found from the 
lowland coastal plains to over 3000 metres on the 
Cerro de la Muerte, and some species are quite 
common in Malaise trap samples. Brachypterous 
forms are fairly common at higher altitudes but, 
despite intensive collecting efforts, have not been 
found in lowland forests. As the genera are presently 
defined, nearly all of the ceraphronids so far encoun- 
tered in Central America belong to either Aphanogmus 
or Ceraphron. 


MEGASP 


Paul Dessart 


Diagnosis. 1.0 to 4.0 mm in length; black, brown 
or yellow, generally never metallic (although with 
slight greenish or violet metallic reflections in a very 
few Dendrocerus); sometimes brachypterous. Antenna 
of female and male 11-segmented, attached close to 
mouth, geniculate with long scape; sometimes clavate 
in female; filiform, serrate, or ramose (branched) in 
male; anelli absent. Pronotum extends to the tegulae; 
mesoscutum usually with notauli at least anteriorly, 
nearly always with a median longitudinal furrow. 
Wing venation very reduced, consisting of submarginal, 
marginal and stigmal (radial) vein, the latter long and 
curved; in most species with a large stigma. Trochanters 
1-segmented; fore tibia with 2 apical spurs, longer spur 
forked apically; mid tibia and hind tibia each with two 
spurs. Anterior end of largest metasomal tergite 
narrowed into a short ‘neck’; Waterston’s organ 
absent. 


Fig. 8.25. Dendrocerus sp. (Megaspilidae). 


Brachypterous forms can be separated from other 
brachypterous microhymenoptera by the number of 
antennal segments and the form of the large metaso- 
mal tergite; they can be distinguished from 
brachypterous ceraphronids by having the mesono- 
tum very reduced or by the presence of notauli. Most 
winged forms have the fore wing with a very promi- 
nent pterostigma followed by a long, curved stigmal 
vein; male lagynodines lack the pterostigma and are 
thus quite similar to Ceraphronidae, but can be sepa- 


rated by the form of the largest metasomal segment 
(which is anteriorly narrowed). 


Classification and distribution. The Megaspilidae 
is a cosmopolitan group comprising approximately 
450 species in nine genera, classified in two subfami- 
lies, Lagynodinae and Megaspilinae. The former 
subfamily consists of two monotypic genera 
(Archisynarsis and Typhlolagynodes) that are res- 
tricted to the Old World, the monotypic Holophleps 


from North America and Europe, and the cosmopoli- 
tan Lagynodes. The Megaspilinae, by far the larger 
subfamily, comprises five genera: the speciose and 
cosmopolitan Conostigmus and Dendrocerus, the 
monotypic but cosmopolitan Trichosteresis, and the 
rather poorly defined Megaspilus and Platyceraphron 
from North America and Europe (Dessart & Cancemi, 
1986). 


Biology. Biologically the Megaspilidae is somewhat 
better known than its sister group, the 
Ceraphronidae, but most of the available information 
seldom extends beyond the simple recording of which 
species served as a host. An exception, however, are 
various studies of some species of Dendrocerus that 
develop as aphid hyperparasitoids (e.g. Haviland, 
1920; Bennett & Sullivan, 1978; Matejko & Sullivan, 
1984). 

Most megaspilids are ectoparasitoids of hosts con- 
cealed in cocoons or puparia (Haviland, 1920; 
Withycombe, 1924; Kamal, 1939; Viggiani, 1967). 
Many are solitary parasitoids but there are a few 
records of gregarious parasitism. For example, some 
species of Conostigmus (C. triangularis) and Dendrocerus 
(D. rodhaini) are gregarious ectoparasitoids of syrphid 
pupae within the puparium (Kamal, 1939) and, 
although most other species of Dendrocerus are gener- 
ally solitary parasitoids, occasionally two undersized 
individuals will emerge from a single host (Bennett & 
Sullivan, 1978). 

Considered as a whole the host range of the 
Megaspilidae seems to be focused around the Diptera. 
The only known species of Trichosteresis, T. glabra, is a 
parasitoid of Syrphidae, and although hosts of only 
three or four species of the large genus Conostigmus 
are known, two of these are from puparia of syrphids. 
Some species of Conostigmus and Lagynodes are 
myrmecophilous and possibly attack dipterous hosts in 
ant nests. Single species of Megaspilus, Conostigmus, 
and Dendrocerus have been found associated with 
xylophagous scolytids or cossids, although in the last 
case it was shown that they were parasitoids of sapro- 
phytic dipteran larvae (odiniids) feeding on the faeces 
of the cossid caterpillar. However, another species of 
Conostigmus is known to parasitize a mecopteran 
(Cooper & Dessart, 1975). 

The remarkably diverse host range of Dendrocerus 
seems to be centred around the predators and para- 


sitoids of sternorrhynchous Homoptera (aphids, 
scale-insects, and occasionally psyllids). Hosts 
include Hymenoptera (aphidiine braconids, and more 
rarely, aphelinids, encyrtids, pteromalids, and 
figitids), Diptera (syrphids and chamaemyiids), 
Neuroptera (chrysopids and coniopterygids) and 
Coleoptera (coccinellids) (Dessart, 1972, 1973; 
Takada, 1973; Fergusson, 1980). Some species 
attack other cyclorrhaphous Diptera and have been 
recorded from the puparia of chloropids and 
tachinids (Fergusson, 1980; Dessart, 1987, 1990). 
Fergusson’s (1980) analysis of the host ranges of 
British species of Dendrocerus suggests that some 
common species are highly polyphagous, but that 
many show a degree of host-specialization. Some, 
such as D. flavipes, which attacks coniopterygids, and 
D. pupparum, which attacks syrphids, seem to be spe- 
cialized parasitoids of predators, whereas others are 
secondary parasitoids, attacking various aphid 
primary parasitoids. At least some of these secondary 
parasites, such as D. carpenteri, are pseudohyperpara- 
sitoids since they only oviposit on a primary para- 
sitoid larva or pupa after it has completely consumed 
the aphid (Haviland, 1920). While most Dendrocerus 
that attack Hymenoptera develop as secondary para- 
sitoids, facultative tertiary and even quaternary par- 
asitism have been observed (Haviland, 1920). 

Although most megaspilids are ectoparasitoids, a 
north temperate species of Conostigmus reared from 
Boreidae (Mecoptera) shows a tendency towards 
endoparasitism. It commences development by 
feeding endophagously in the boreid larva, but com- 
pletes development as an ectoparasitoid (Cooper & 
Dessart, 1975). Furthermore, incipient koinobiosis 
has been observed in some ectoparasitic megaspilids. 
For example, the venom of D. carpenteri does not 
immediately paralyze the host. The host continues to 
develop and remains bright yellow for up to four to 
six weeks before decaying (Bocchino & Sullivan, 
1981). 

Most megaspilids seem to pass through four larval 
instars. The first three are hymenopteriform and the 
final instar is somewhat similar in most species of 
Conostigmus (although the head is rather large), but 
in at least some species of Dendrocerus the head is 
smaller and a short anal cornus is present (Cooper & 
Dessart, 1975). Bennett and Sullivan (1978) sug- 
gested that this cornus allows the mature larva to 
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Figs 8.26-8.30. Megaspilidae. Fig. 8.26. Lagynodes sp., female, dorsal view. Fig. 8.27. Platyceraphron sp., female, lateral view. Fig. 
8.28. Megaspilus sp., head and mesosoma, lateral view. Figs 8.29—30. Fore wings; 8.29, Trichosteresis sp.; 8.30, Dendrocerus sp. 


twitch, and thus, to some extent, avoid being 
superparasitized. 


Identification. Keys to the world genera were pro- 
vided by Dessart and Cancemi (1986). Conostigmus 
has been divided into at least five subgenera, which 
can be separated by keys given in Dessart and 
Cancemi (1986). 


Key to genera of Megaspilidae likely to 
occur in Central America 


l Females always brachypterous, mesoscutum very 
reduced but pronotum very large (Fig. 8.26); 
metasoma with the large second (but appar- 
ent first) tergite having only three longitudi- 
nal carinae; males sometimes similar, or fully 
winged, without a pterostigma. 
CMM (Lagynodinae) .... Lagynodes™* 

— Females, if brachypterous, with mesonotum less 
reduced and with large second (but apparent 
first) tergite generally having more than three 
longitudinal carinae; winged forms always 
with a conspicuous pterostigma. 

Pee Tse NE (Megaspilinae) .................... 2 


2 Mesosoma very depressed, much wider than high 
(Fig. 8.27); both sexes fully winged. ................ 
A CREER ORE EET Platyceraphron 

— Mesosoma higher than wide or only slightly 
depressed; fully winged or brachypterous. ... 3 


3  Ocellar triangle isosceles with narrow base, or 
equilaterally triangular. 

[Male antenna cylindrical, never serrate in 

Proa rrr Eee teresa Conostigmus 

— Ocellar triangle isosceles with wide base. ......... 4 


4 Propodeum with median spur dorsally grooved 
and apically emarginate; sternaulus present 
on mesopleuron (Fig. 8.28). 

[Larger specimens with head foveolate, 
orbital and periscutellar furrows prominent; 
male antenna subfiliform, female antenna 
aways render | arises Megaspilus 


—  Propodeum with median spur absent, or if 
present different from above; sternaulus 
As DR 5 


5 Fore wing hyaline, without marginal setae and 
with discal setae reduced; stigmal vein shorter 
than pterostigma (Fig. 8.29); male antenna 
not serrate in profile. ............... Trichosteresis®* 

— Fore wing usually with normal marginal and 
discal setae; stigmal vein usually longer than 
pterostigma (Fig. 8.30); male antenna usually 
serrate in profile, sometimes subcylindrical or 
TAMOS. 4c SS Dendrocerus 


Synopsis of the Costa Rican fauna 


In Costa Rica megaspilids can be found from sea level 
to over 3000 metres on the Cerro de la Muerte. They 
are rather uncommon in Malaise trap samples from 
dry lowland habitats, but are fairly common in most 
other habitats, especially at mid and high elevations 
(above about 1300 metres). Brachypterous forms have 
only been encountered at higher altitudes (above 
2200 metres). 


Conostigmus. A large cosmopolitan genus repre- 
sented by a number of species in Costa Rica, pri- 
marily encountered at lower altitudes, between sea 
level and 2000 metres. 


Dendrocerus. A large cosmopolitan genus 
represented in Costa Rica by a few species which 
are generally encountered only above 1000 
metres. Most are perhaps associated with aphid 
colonies. 


Lagynodes**, A small cosmopolitan genus of tiny 
and rather rarely collected megaspilids. Most are 
probably hypogaeic. 


Megaspilus. A small, primarily north temperate 
genus of robust megaspilids. In Costa Rica isolated 
specimens have been collected at about 3000 
metres on the Cerro de la Muerte. 


Platyceraphron. A small primarily north temper- 
ate genus of very strongly flattened megaspilids. 


One species has occasionally been collected during 
the dry season in Santa Rosa National Park in 
northwestern Costa Rica. 


Trichosteresis?*. A monobasic genus comprising 
the single widespread species, Trichosteresis glabra, 
which is known to parasitize several cosmopolitan 
species of aphidophagous syrphids (Dessart, 1974). 


The superfamily Proctotrupoidea was traditionally a 
catch-all group for small non-chalcidoid Apocrita not 
readily assignable to other taxa. The Ceraphronidae and 
Megaspilidae have been removed to a separate super- 
family (Masner &  Dessart, 1967), and the 
Loboscelidiidae were transferred to the Chrysididae (Day, 
1978), thus leaving 12 families (Naumann & Masner, 
1985, Kozlov, 1994). However, these families still do 
not constitute a holophyletic group, and it is possibly 
better to recognize two superfamilies of ‘proctotrupoids’: 


Proctotrupoidea s. str. (Austroniidae, Diapriidae, 
Heloridae, Monomachidae, Pelecinidae, Peradeniidae, 
Proctotrupidae, Renyxidae  Roproniidae and 
Vanhorniidae). Antenna inserted rather high above 
the clypeus and without basiconic sensilla on female 
claval segments; fore wing generally with costal cell 
present and closed; metasomal segment I with tergite 
and sternite fused; metasomal segment VII normally 
developed; metasomal spiracle present; ovipositor 
either internal, or external but housed in tight, 
strongly sclerotized sheaths. 


Platygastroidea (Platygastridae, Scelionidae). Antenna 
inserted immediately above upper margin of clypeus 
and with one or two basiconic sensilla on female 
claval segments; fore wing with costal cell open or 
undefined; metasomal segment I with tergite and ster- 
nite free; metasomal segment VII in females very 
reduced or absent; metasomal spiracle absent; oviposi- 
tor internal, often housed in tube of soft tissue. 

The Proctotrupoidea s. str. comprises two fairly 
species-rich cosmopolitan families, the Diapriidae and 
Proctotrupidae, and seven small families, which 
consist mostly of one genus each and are morphologi- 
cally isolated groups. The Platygastroidea comprises 
two speciose, cosmopolitan families. The two super- 
families differ in the focus of their host ranges. The 
Proctotrupoidea s. str. are principally parasitoids of 
saprophagous, mycophagous or even carnivorous 


insects that develop in leaf litter, fungi, soil, rotting 
matter and similar situations. Dipterous larvae or 
puparia are commonly attacked, but larval Coleoptera 
are also widely utilized (as are a few species of 
Neuroptera). All develop (more or less) as koinobionts. 
In the Platygastroidea the ancestral hosts are clearly 
arthropod eggs, in which the parasitoids develop as 
idiobionts. The more derived platygastrids, however, 
develop as koinobiont endoparasitoids of Cecido- 
myiidae (Diptera), although oviposition is still often 
into the host egg. 

The formal classification of ‘proctotrupoids’ into 
two superfamilies, as described above, still leaves some 
unresolved problems. The Pelecinidae and Procto- 
trupidae are probably closely related (Gibson, 1985; 
Rasnitsyn, 1988) but the relationships of the other 
Proctotrupoidea (s.str.) are less certain (see chapter 5). 
The Monomachidae and Diapriidae do not share 
certain apomorphies that are present in other proc- 
totrupoids (Gibson, 1985). Moreover, it has been sug- 
gested that the Diapriidae are possibly the sister-group 
of the Cynipoidea (Rasnitsyn, 1988). The relationships 
of the Platygastroidea are also unresolved. Gibson 
(1985) found that they shared certain characters with 
Pelecinidae + Proctotrupidae + Vanhorniidae, whereas 
Rasnitsyn (1988) suggested that Platygastroidea is the 
sister group of Chalcidoidea. 

Both of the platygastroid families and five of the 
ten proctotrupoid families are represented in the 
tropical American fauna. Those absent are small, 
relict families—the Austroniidae and Peradeniidae, 
which are restricted to Australia, and the 
Roproniidae, Renyxidae and Vanhorniidae, which 
are holarctic. 


Key to families of Proctotrupoidea (s. lat.) 
present in Central America 


1 Antennal sockets separated from dorsal margin 
of clypeus by distinctly more than their own 
diameter. ........ (Proctotrupoidea s. str.) ....... 2 


Figs 9.01-9.08. Proctotrupoidea. Figs 9.01-9.03. Pelecinus polyturator (Pelecinidae); 9.01, hind leg; 9.02, fore wing; 9.03, 
metasoma, male. Figs 9.04—9.06. Monomachus sp. (Monomachidae); 9.04, metasoma female; 9.05, metasoma, male; 9.06, head 
and prothorax, lateral. Figs 9.07—9.08. Diapriidae; 9.07, Belyta sp., metasoma of male, lateral; 9.08, Belyta sp., head, lateral. 
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Figs 9.09-9.14. Proctotrupoidea. Fig 9.09. Diapriidae, Belytinae, fore wing. Figs 9.10-9.11. Helorus sp. (Heloridae); 9.10, 
metasoma of female, lateral; 9.11, fore wing. Figs 9.12-9.14. Fore wing; 9.12, Proctotrupidae; 9.13, Scelionidae; 9.14, 
Platygastridae. 


Antennal sockets contiguous with dorsal margin 
of clypeus, or separated from it by less than 
their own diameter. .... (Platygastroidea) ..... 6 


Hind leg with basitarsus distinctly shorter than 
the following tarsal segment (Fig. 9.01); fore 
wing with Rs distally bifurcate (Fig. 9.02). 
[Metasoma of female extremely elongate 
(Fig. 9.17); of male, clavate (Fig. 9.03).] ........ 
Mevacor cee ER T Pelecinidae (p. 216) 

Hind leg with basitarsus distinctly longer than 
the second or following tarsal segments; fore 
wing with Rs not forked, or absent. ............. 3 


Metasoma of female with tergite III subequal in 
length to tergite IV; metasoma of both sexes 
elongate (Figs 9.04, 9.05); posterior margin 
of pronotum overlapping anterior part of 
mesoscutum. 

[Mandibles extremely large (Fig. 9.06).] .......... 
Me e ni m Monomachidae (p. 213) 

Metasoma with tergite III considerably longer 
than tergite IV; metasoma not exceptionally 
elongate (Figs 9.07, 9.10); posterior margin of 
pronotum not overlapping mesoscutum, sep- 
arated from latter by a deep suture. .............. 4 


Antenna with scape very elongate, at least 2.5 
times as long as wide; fore wing without a 
pterostigma (Fig. 9.09); antennae usually 
inserted on a facial ‘shelf (Fig. 9.08). .............. 
II cc Diapriidae (p. 222) 

Antenna with scape short, at most 2.2 times as 
long as wide; fore wing with pterostigma 
present; antennae not inserted on a facial 
A M 5 


Antenna with 15 segments and an anellus; fore 
wing with an enclosed triangular discal cell 
(Fig. 9.11); mesosoma with a transscutal 
suture; tarsal claws pectinate. ......................... 
UOS O ILLIC IPTE DIU DL Heloridae (p. 214) 

Antenna with 13 segments; fore wing without 
an enclosed triangular discal cell (Fig. 9.12); 
mesosoma without a transscutal suture; tarsal 
CASO peca rS 
ERR... A Proctotrupidae (p. 216) 


6  Metasomal tergite II not distinctly the largest of 
all tergites, at most subequal in length to 
tergite IIT. ....... Scelionidae (in part) (p. 228) 

— Metasomal tergite II distinctly the largest of all 
tergites, clearly much longer than tergite III. 


7 Fore wing with submarginal vein (Rs) reaching 
anterior margin of wing near centre, then 
diverging abruptly from wing margin (as 
stigmal vein) (Fig. 9.13); antenna usually with 
11 or 12 segments, rarely with 10; male with 
antennal segment 5 specialized. 
HRS Scelionidae (in part) (p. 228) 

— Fore wing either veinless, or if submarginal vein 
is present, then it does not reach the anterior 
margin of the wing, and a sligmal vein is not 
present (Fig. 9.14); antenna with 10 or fewer 
segments; male with antennal segment 4, or 
ranely 3, modified ounte erre ees 
roots Platygastridae (p. 241) 


O e Pid 
Body 10.0 to 18.0 mam Tong, slender; 
colour usually brown, yellowish brown, or in a few 
species even greenish, never black; smooth and 
glabrous. Antenna in female 15- and in male 14-seg- 


e ves E es T 3 5 
Diagnosis. 


mented, thread-like, not geniculate, scape only 
slightly elongate (about three times as long as wide); 
mandibles massive. Pronotum almost neck-like, capable 
of sliding over the anterior margin of the mesoscutum; 
transscutal suture on mesoscutum (between tegulae) 
present; propodeum distinctly cone-shaped, without 
median carina, with hind coxa inserted relatively far 
from propodeal orifice. Fore wing with at least five 
more or less enclosed cells and relatively narrow 
pterostigma. Metasoma showing pronounced sexual 
dimorphism; in female elongate, sickle-shaped in lateral 
view, very slender in dorsal view; in male slender but 
slightly broadened apically; segment I distinctly petio- 
late (at least three times as long as wide in female, 
longer in male); tergite III in both sexes subequal in 
length to tergite IV; female with six or seven clearly 
discernible tergites, male with seven or eight; 
ovipositor extremely short, concealed inside segment 
VIII. 


Fig. 9.15. Monomachus sp. (Monomachidae). 


Classification and distribution. The Monoma- 
chidae is a small family that is restricted to Australia, 
and Central and South America. It comprises two 
genera, Monomachus, with three described species in 
Australia and nine in South America, and Tetraconus, 
with a single species in South America. However, the 
latter may not be distinct from Monomachus 
(Naumann, 1985). 


Biology. Monomachids generally prefer relatively 
cool, humid situations (Naumann, 1985). One 
Australian species of Monomachus has been reared 
from mature larvae and puparia of a stratiomyiid 
dipteran, a species of Boreoides belonging to the sub- 
family Chiromyzinae (Riek, 1970), a group that also 
shows a gondwanic distribution. Only one wasp 
emerges from male hosts, but several wasps success- 
fully develop in the larger female hosts. Adult 


monomachids are sometimes attracted to light, but 
they are rarely taken by diurnal sweeping (Naumann, 
1985). Occasional individuals are captured in Malaise 
traps. In August 1992 I collected numerous males in 
Venezuelan cloud forests at 1100 metres (Rancho 
Grande) between 08.00 and 09.00 hours. By 10.00 
no more individuals were found. 


Synopsis of the Costa Rican fauna 


Only the genus Monomachus has been collected in 
Costa Rica. 


Monomachus. A single species is present in Costa 
Rica in forests at altitudes between 1000 and 1600 
metres. 


Diagnosis. About 5.0 mm in length. Antenna 
thread-like, non-geniculate with short scape, with 15 
segments plus a small ring-like anellus; mandibles long, 
sickle-shaped, crossing one another in a scissor-like 
manner. Mesoscutum with  transscutal suture 
(between tegulae) developed. Fore wing with five 
enclosed cells including a subtriangular discal cell. Tarsal 
claws pectinate. Metasoma rather short and clavate, 
not strongly sexually dimorphic; segment I petiolate, 
tergites I--III-IV fused into a single syntergum, and V to 


VIII short, generally visible posteriorly; sternites 
II-HII-IV-V fused into a single synsternum, male 
with three further narrow but more or less visible ster- 
nites, female with a single triangular sternite VI; 
ovipositor internal. 


Classification and distribution. The Heloridae is 
a very small, relict family with just one genus and 
seven described species throughout the world, all of 
which are uncommon. One, Helorus brethesi, is 
recorded from the neotropical region and extends from 
Argentina to Mexico (Townes, 19775). 


B 
$ 
E 


A 


Fig. 9.16. Helorus sp. (Heloridae). 


Biology. Helorids are solitary, endoparasitic koino- 
bionts of Chrysopidae (Neuroptera). The female 
oviposits into the host larva and the egg is free 
floating in the haemocoel. The egg hatches in about 
two days and the larva remains in the first instar until 
the host has spun its cocoon. The first instar is poly- 
podeiform, with paired ventral fleshy lobes on the 
abdominal segments, and with a strongly sclerotized 
head (Clancy, 1946). When the host has spun its 
cocoon the helorid larva completes its development 
rapidly, passing through two more instars. The third 
instar partially emerges from the skin of the host and 
pupates within the host cocoon. The period from 
oviposition to adult emergence requires about 30 


days. Adults live for four to six weeks and during this 
period approximately 50 eggs are laid, usually at a 
rate of one or two per day. 


Synopsis of the Costa Rican fauna 


Helorus. H. brethesi has been collected in Costa 
Rica from one wet forest site at 1200 metres close 
to the Panama border (Las Cruces Botanic Garden). 
It has a bright orange mesosoma and belongs to a 
large aposematic complex of neotropical microhy- 
menoptera (see discussion under Scelionidae). A 


Fig. 9.17. Pelecinus polyturator (Pelecinidae). 


second, undescribed species of Helorus occurs at 
2600 metres on the Cerro de la Muerte. 


| PEL 


Diagnosis. The largest proctotrupoids, at least 
20.0 mm in length and up to 70.0 mm in some 
females; body black, predominantly smooth and 
glabrous. Antenna thread-like, non-geniculate, with 
rather short scape, 14-segmented in both sexes. 
Transscutal suture on mesoscutum (between tegulae) 
well developed. Fore wing deeply infuscate, with 
broad enclosed costal cell, relatively narrow 
pterostigma and open marginal cell; vein Rs forked 
distally. Female hind tibia swollen; hind tarsus in 
both sexes with first segment strikingly shorter than 
second segment. Metasoma showing extreme sexual 
dimorphism, that of female extremely elongate and 
tubular, held in an arched position in flight; segments 
I to V very elongate and slender, II, III and IV of 
similar length; male metasoma elongately club-shaped, 
broadened posteriorly, with tergites JI+III (perhaps 
more) fused to form a slender petiole. Individuals 
vary considerably in body length, perhaps depending 
on the size of the host. 


Classification and distribution. The Pelecinidae is 
a small relict family that is thought to consist of just a 
single species, Pelecinus polyturator, which occurs from 
Canada to Argentina. However, this species shows 
great variation in size and coloration in South 
America and thus may be a complex of species 
(Muesebeck in Krombein et al, 1979). In North 
America males are extremely rare while in the 
Neotropics both sexes are equally common, thus sug- 
gesting geographical parthenogenesis (Brues, 1928; 
Young, 1990). 


Biology. Despite its conspicuousness, surprisingly 
little is known about the biology of P. polyturator. It 
has been reared from larvae of Scarabaeidae 
(Coleoptera), particularly species of Phyllophaga 
(Hammond, 1944; Lim et al., 1980), and it appears 
to be a solitary endoparasitic koinobiont. The female 
oviposits into the host larva and in some instances 
the host attains the pupal stage before dying 
(Clausen, 1940b). Pupation occurs outside the body 
of the host, but the parasitoid pupa remains con- 
nected to the host remains (as in the family 


Proctotrupidae). The metasoma of female pelecinids 
is extremely flexible, and when handled they occa- 
sionally are capable of inflicting a sting, but it is a 
mild sensation like a pin-prick (Gauld, pers. comm.). 
Mason (1984) described the mechanics of the female 
metasoma. 


Synopsis of the Costa Rican fauna 


Pelecinus polyturator is most common in Costa Rica 
at intermediate altitudes (1000-2000 m) where 
individuals of both sexes can frequently be observed 
resting on the foliage of understorey plants, espe- 
cially early in the rainy season. 


9.4" PROCTOTRUPIDAE ^ 

Diagnosis. Body 3.0 to 10.0 mm in length; predom- 
inantly black; smooth, except on propodeum. Antenna 
thread-like, non-geniculate, with short scape, 13- 
segmented in both sexes; mandible usually unidentate. 
Mesoscutum with transscutal suture (between tegulae) 
absent. Fore wing with rather broad enclosed costal 
cell, large pterostigma and small enclosed marginal cell; 
other veins barely visible or absent. Metasoma spindle- 
shaped, in lateral view more or less curved with apex dis- 
tinctly down-curved in females; metasomal tergite I and 
sternite I fused to form petiole, and petiole fused poste- 
riorly with sternite II (petiole overlapped by anterior 
margin of syntergum in several genera); metasomal 
tergites II+IJI+IV fused into syntergum; all tergites in 
lateral view partially or completely overlapping the 
sternites; ovipositor with strongly sclerotized external 
sheaths. 


Classification and distribution. The higher 
classification of this group is not completely resolved 
and various authors have disputed the ranking of 
several groups. Townes and Townes (1981) in their 
revision of the Proctotrupidae (= Serphidae) of the 
world recognized 26 genera which they classified in 
three subfamilies: the Austroserphinae (which they 
called the Acanthoserphinae), the Vanhorniinae, and 
the Proctotrupinae. Riek (1970) treated the 
Austroserphinae as a separate family, but this status 
has not become generally accepted. 
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Fig. 9.18. Exallonyx sp. (Proctotrupidae). 


The Vanhorniinae (sensu Townes & Townes, 1981) 
comprised two genera, the holarctic Vanhornia and the 
Chilean Heloriserphus. However, most authors (e.g. 
Mason, 1983b; Naumann & Masner, 1985; Gauld & 
Bolton, 1988) separate the former genus from the 
proctotrupids and place it in a family by itself—the 
Vanhorniidae. Masner (in Townes & Townes, 1981) 
suggested that Heloriserphus is not closely related to 
Vanhornia and should be placed in a separate new 
subfamily, but as yet such a taxon has not been for- 
mally proposed. The Proctotrupidae, as most generally 
accepted, therefore comprises two described subfami- 


lies—Austroserphinae and Proctotrupinae—and one 
unassigned Chilean genus. 

The Austroserphinae includes three small genera 
restricted to Australia and southern South America, 
whereas the Proctotrupinae comprises 21 genera and 
about 300 described species worldwide, although it 
has been estimated that the subfamily contains well 
over 1000 species (Townes & Townes, 1981). The 
Proctotrupinae is divided into three tribes: Disogmini, 
Cryptoserphini and Proctotrupini. The first of these 
comprises just one holarctic genus, but the other two 
tribes are cosmopolitan. 


Biology. Proctotrupids are primary, endoparasitic 
koinobionts. The majority of host records are from 
larvae of beetles (Coleoptera), but some species parasitize 
larvae of Mycetophilidae (Diptera), and there is one 
record from a lithobiid centipede (Newman, 1867), but 
this has not been corroborated for over a century. Most 
of the host records are for the large genus, Exallonyx, 
which has been reared from five subfamilies of 
Staphylinidae (Townes & Townes, 1981; Frank, 1982). 

Proctotrupids are solitary (e.g. Hoebeke & Wheeler, 
1990) or gregarious with up to 50 individuals emerg- 
ing from a single host (e.g. Crichley, 1973). The same 
species may be solitary or gregarious, depending upon 
the size of the host (e.g. Hoebeke, 1978; Hoebeke & 
Kovarik, 1988). Oviposition is into the host larva. 
Species that parasitize mycetophilids have been 
observed on macrofungi inserting virtually the whole 
of the metasoma into spore ducts in an attempt to 
reach mycetophilid larvae (Huggert, 1979). 

The first instar larva is polypodeiform, with paired 
fleshy protuberances ventrally on the abdominal seg- 
ments and with a strongly sclerotized head. This larva 
apparently remains almost quiescent until the host is 
about to pupate, whereupon the parasitoid larva devel- 
ops rapidly. It may or may not consume the entire body 
contents of the host. The larvae all emerge in a charac- 
teristic fashion from the ventral surface of the 
host, usually through intersegmental membranes. 
Individuals of the gregarious species are often arranged 
in rows and facing the same direction. They pupate 
with terminal segments of the abdomen still embedded 
in the host (Basden, 1959) and form a thin membrane 
but no cocoon (Figs 9.19, 9.20). There are a number of 
accounts of the developmental stages of several species 
but one of the most complete is by Eastham (1929). 


Little is known of their mating behaviour, but courtship 
in Phaenoserphus involves the male entwining his 
antennae around those of the female (Luff, 1976). 


Identification. Keys to the world genera and 
species are given by Townes and Townes (1981) and 
the key given below is modified from this source. 


Key to genera of Proctotrupidae present in 
Costa Rica 


1 Notaulus often present (Figs 9.29, 9.30), usually 
short and sometimes represented by an 
anterolateral pit; metasoma usually subsessile 
(Fig. 9.27); metapleuron usually with a large 
smooth area. .......... (Cryptoserphini) .......... 2 


—  Notaulus absent or represented by a shallow 


impression, not a distinct groove (Fig. 9.28); 
metasoma petiolate (Fig. 9.26); metapleuron 
with smooth area much smaller or absent. ..... 
road (Proctotsupini)g.. mmm 


2 Fore wing with Rs curved obliquely or almost 
vertically towards R directly from lower part 
of pterostigma, without a short vertical 
descent from pterostigma (Fig. 9.21). .............. 
M E Brachyserphus 


— Fore wing with Rs descending vertically from 


lower corner of pterostigma, then turned at an 
acute angle obliquely towards R (Figs 9.22, 
E MN, m 3 


3 Groove across middle of mesopleuron incomplete; 
propodeum reaching beyond middle of hind 


Figs 9.19-9.20. Pupae of Proctotrupidae protruding from shrivelled remains of host larva; 9.19, a solitary species of 


Cryptoserphus; 9.20, a gregarious species of Exallonyx. 


coxa (Fig. 9.24); upper front part of smooth 
area of metapleuron without a ridge extending 
to upper lateral margin of propodeum. ............ 
MM cocoodbond E Fustiserphus 
— Groove across middle of mesopleuron complete; 
propodeum never reaching beyond middle of 
hind coxa (Fig. 9.25); upper front part of 
smooth area of metapleuron with a ridge 
extending to upper lateral margin of metapleu- 
ron (except intGryptoserphus)^...... «eee eeeeeceeece 4 


4 Fore wing with marginal cell short, the anterior 
side 0.3-0.9 as long as depth of pterostigma; 
vertical basal part of vein Rs very thick and 
short, not longer than it is thick (Fig. 9.22). ... 
O Sminthoserphus 

— Fore wing with marginal cell longer, the anterior 
side 0.6-2.0 as long as depth of pterostigma; 
vertical basal part of vein Rs about 2 times as 
longiasithic ki (Bigs 9.23) 2... terrere eere 5 


5 Longer spur of hind tibia ending between the 
middle and the apical 0.2 of hind basitarsus; 
upper front part of smooth area on metapleu- 
ron not connected by a carina to upper edge 
of propodeum, or sometimes connected by a 
weak or incomplete carina. ....... Cryptoserphus 

— Longer spur of hind tibia ending near or before 
middle of hind basitarsus; upper front part of 
smooth area on metapleuron connected by a 
fine short carina to upper edge of propodeum 
MAA) eee a e Mischoserphus 


6 Fore and mid tarsal claws each with a long black 
divergent tooth near base; lateral aspect of 
pronotum with hairs on upper part of collar 
and along upper edge, usually without hairs 
IRANIE aooo a eer Exallonyx 

— Fore and mid tarsal claws simple; lateral aspect 
of pronotum usually with hairs generally dis- 
tributed but very often with a median hairless 
Ur o oem Phaneroserphus 


Synopsis of the Costa Rican fauna 


Proctotrupids are most common in undisturbed, 
shaded, wet habitats, primarily at intermediate to high 
altitudes (above 1000 metres) although individuals 
have been taken in wet lowland forests and isolated 


specimens have been collected in seasonally dry 
lowland forests. The family appears to be very scarce 
in wet forests below 400 metres altitude. Thus on the 
Osa Peninsula they have been collected only from 
Cerro Rincón (650 m). Males are the sex more com- 
monly caught in Malaise traps, while the females are 
more frequently found in yellow pan traps. 

Seven genera and about 20 species occur in Costa 
Rica. It is interesting that genera parasitic on carabid 
beetle larvae have not been found in this country. As 
is true of the world fauna in general (except in 
Australia and New Zealand), about half of the Costa 
Rican species belong to the genus Exallonyx. 


PROCTOTRUPINAE 


PROCTOTRUPINAE: Cryptoserphini. This cosmopolitan tribe 
comprises 13 genera and approximately 100 described 
species. Five genera are known to occur in the New 
World tropics and all have been found to be repre- 
sented in Costa Rica. 


Brachyserphus™, A primarily holarctic genus with 
11 described species; one has been collected in 
Costa Rica. Biology: hosts are larvae of the 
coleopterous families Erotylidae, Melandryidae, 
Mycetophagidae, Nitidulidae and Phalacridae. 


Cryptoserphus^*. A cosmopolitan genus of 13 
species; two occur in Costa Rica. Biology: hosts are 
species of the dipterous family Mycetophilidae. 


Fustiserphus. An Australian and South American 
genus with six described species. Two species occur 
in Costa Rica above 2000 metres. Biology: unknown. 


MischoserphusF, A cosmopolitan genus with 20 
described species; three occur in Costa Rica. 
Biology: hosts are species of the dipterous family 
Mycetophilidae. 


Sminthoserphus“. A neotropical genus with five 
described species; one occurs in Costa Rica. Biology: 
unknown. 


PROCTOTRUPINAE: Proctotrupini. This tribe comprises 
about 200 species classified in seven genera. Most 
genera are holarctic in distribution, but several extend 
into the higher areas in the oriental tropics and one, 


Figs 9.21-9.25. Proctotrupidae. Figs 9.21-9.23. Fore wing; 9.21, Brach 
Cryptoserphus sp. Figs 9.24-9.25. Mesosoma, lateral; 9.24, Fustiserphus sp.; 9.2 


yserphus sp.; 9.22, Sminthoserphus JOR Bashy 
5, Mischoserphus sp. 


9.4 Proctotrupidae —— He AT 


Figs 9.26-9.31. Scanning electron photomicrographs of Proctotrupoidea. Figs 9.26-9.27, Prototrupidae, propodeum and 
anterior end of metasoma, dorsal; 9.26, Exallonyx sp.; 9.27, Cryptoserphus sp. Figs 9.28—9.29. Proctotrupidae, mesoscutum, 
dorsal; 9.28, Exallonyx sp.; 9.29, Cryptoserphus sp. Fig. 9.30. Mesoscutum and pronotum, lateral, Cryptoserphus sp. 
(Prototrupidae). Fig. 9.31. Head and pronotum, lateral, Doddiella sp. (Scelionidae). 
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Phaneroserphus, similarly extends to tropical America. 
The largest genus, Exallonyx, is cosmopolitan and con- 
tains more species than all other genera in the family. 
Both Phaneroserphus and Exallonyx have been found 
to occur in Costa Rica. 


Exallonyx. A very large cosmopolitan genus com- 
prising more than 150 described species, with prob- 
ably very many more undescribed. In the literature 
from 1950-1980 many species of this genus were 
incorrectly placed in Codrus, a much smaller genus 
restricted to the Old World (Townes & Townes, 
1981). Eight, or perhaps more species of Exallonyx 
occur in Costa Rica. Biology: hosts are the larvae of 
Staphylinidae. 


Phaneroserphus®®, A primarily holarctic genus 
comprising five described species, and one very dis- 


tinctive undescribed species which has been col- 
lected in Costa Rica. Biology: hosts are the larvae of 
Staphylinidae and, possibly, centipedes of the family 
Lithobiidae. 


9.5. DIAPRIIDA 


Diagnosis. Body length 1.0 to 8.0 mm, with most 
species between 2.0 and 4.0 mm; usually dark brown 
to blackish coloured with lighter appendages, some- 
times reddish or yellowish, rarely whitish; surface 
mostly smooth and shining. Most are fully winged but 
some have wings shortened to absent, especially in 
females. Antennal sockets positioned high above clypeus, 
usually on prominent transverse ledge (indistinct in 
Ismarinae), opening upwards; antenna more or less 
geniculate, at most with 15 segments, usually 9 to 14; 
antenna clavate in females, thread-like in males, with 
male antennal segments 3 or 4 modified. Fore wing 


Fig. 9.32. Trichopria sp. (Diapriidae). 


without pterostigma but sometimes with slightly 
thickened marginal vein, with one to three enclosed 
cells, in some species sometimes virtually veinless; hind 
wing often with submarginal vein reaching to hamuli, 
at most with one enclosed cell, less frequently hind 
wing without veins. Metasoma distinctly petiolate, 
petiole composed of fused tergite I and sternite I; 
tergite II, or at least apparent tergite II, the longest; 
functional spiracles and cerci on penultimate and 
apical tergites respectively; ovipositor almost entirely 
retracted. 


Classification and distribution. The very large 
family Diapriidae is cosmopolitan and comprises about 
150 genera classified in four subfamilies, 
Ambositrinae, Belytinae, Dipariinae and Ismarinae 
(Masner, 1976d; Naumann & Masner, 1985). The 
true size of the family is difficult to gauge as in most 
tropical areas very large numbers of species await 
description; worldwide it contains several thousand 
described species. 


Biology. Diapriids are most commonly encountered 
in humid, shaded areas and in such situations the 
range of taxa encountered may be very diverse, and 
several species can be extremely common. Despite 
their abundance very few species have been reared 
and thus our knowledge of diapriid biology is 
extremely fragmentary. The more primitive diapriids 
(Belytinae and Ambositrinae) are probably parasitoids 
of mycetophilid and sciarid dipterous larvae or puparia 
found in macrofungi, leaf litter, holes in the ground 
and similar situations (Chambers, 1971; Naumann, 
1982, 1988). Belytines can often be found ovipositing 
into the undersides of macrofungi, with their terminal 
“metasomal segments extruded to form a semihyaline 
tube (Huggert, 1979). 

Species of the small specialized subfamily Ismarinae 
develop as hyperparasitoids of Cicadellidae (Homo- 
ptera) via the larvae of Dryinidae (Chambers, 1955; 
Waloff, 1975; Jervis, 1979), but most of the more 
derived diapriids, the Diapriinae, are parasitoids of 

higher Diptera (Brachycera and Cyclorrhapha). Some 
have apparently switched to non-dipterous hosts, such 
as the larvae of staphylinid beetles found in similar 
habitats. 

A large group of neotropical Diapriini are associ- 
ated with ant nests, where they are parasitoids of 
ant-associated fly larvae (Paulson & Akre, 1991) or 


of ant larvae (Loiácono, 1987). Several of these 
species are symphilic myrmecophiles, mimicking the 
host ants in both morphology and behaviour 
(Huggert & Masner, 1983). Ecitonine army ants, in 
particular, seem to host a variety of highly special- 
ized diapriines. After the dispersal flight the female 
wasp casts off her wings and becomes integrated into 
the ant colony. 

What little detailed information that is available 
about diapriid biology pertains mostly to species of 
Diapriinae. Members of this subfamily are koinobiont 
endoparasitoids, with oviposition and development 
usually occurring within dipterous pupae in the 
puparium (Sanders, 1911; Pemberton & Willard, 
1918b; Roberts, 1935; Simmonds, 1952; Knutson & 
Berg, 1963). Most probably oviposit into young pupae 
and some diapriines are known to select a particular 
site on the puparium in which to oviposit. For 
example, Diapria conica, a parasitoid of Eristalsis tenax 
(Syrphidae), always oviposits directly behind the respi- 
ratory horns in the suture forming the cap of the 
puparium (Sanders, 1911). The afrotropical species, 
Trichopria stratiomyiae, oviposits into stratiomyiid 
larvae and the host is killed before reaching the pupal 
stage (Cros, 1935). 

Many diapriids are gregarious parasitoids, with 
from about 15 to over 300 individuals developing in a 
single host (Cros, 1935; Roberts, 1935; Paulson & 
Akre, 1991). In Diapria conica the female's full comple- 
ment of mature eggs is deposited in one host, with 
oviposition requiring from one to three hours 
(Sanders, 1911). Although most diapriines are 
primary parasitoids some species of Lepidopria and 
Trichopria are hyperparasitoids developing in the 
puparia of tachinids inside the primary hosts (Huggert 
& Masner, 1983). Coptera silvestrii is a primary para- 
sitoid of tephritid puparia, but if an opiine braconid or 
tetrastichine eulophid is already present, the female 
diapriid places her egg within the body of these para- 
sitoids, thus developing as a facultative hyperpara- 
sitoid (Pemberton & Willard, 1918b). 

The first instar larva of C. silvestrii has a large, 
heavily sclerotized head with very large curved 
mandibles (Pemberton & Willard, 1918b). Later 
instars are of more normal form without the large 
head. The tracheal system, with three pairs of thoracic 
spiracles, does not develop until the third instar. 
Emergence of the adult is accomplished by pushing off 
the cap of the tephritid puparium, and thus parasitized 


puparia are not from 
unparasitized puparia. 

The period from oviposition to adult emergence has 
been reported to require from 18 days (Knutson & 
Berg, 1963) to nearly 40 days (Sanders, 1911). In at 
least some species the adults are said to be relatively 
long-lived (Sanders, 1911), but there is very little 
information available on adult biology. In Diapria 
conica courtship consists of the male placing his anten- 
nal sensory organs, located on the fourth segment, 
over the club of the female antenna (Sanders, 1911). 


easily distinguished 


Economic importance. Diapriids have occasionally 
been used in classical biological control programmes 
against dipterous pests (Clausen, 1978). Basalys 
tritoma was imported from Europe to Canada to 
control the carrot rust fly (Psila rosae, Psilidae) but 
failed to become established. Coptera silvestrii was 
imported from Africa to Hawaii as part of the major 
campaign to control the Mediterranean fruit fly and a 
species of Trichopria was imported from Jamaica to 
California to control eye gnats (Hippelates spp., 
Chloropidae); neither was very successful. In Costa 
Rica a native species of Trichopria has been found 
attacking fruit flies (Tephritidae: Anastrepha spp.) in 
mango and guava (Jirón € Mexzon, 1989). 


Identification. Currently there are no keys to the 
genera of neotropical Diapriidae. 


Key to subfamilies of Diapriidae present in 
Central America 


1 Metasomal tergites with sharp lateral edges, with 
laterotergites abruptly flexed underneath 
(Fig. 9.33); metasoma generally depressed 
dorsoventrally, distinctly wider than high; 
metasoma of female with only five, of male 
with only six visible tergites; sternite II much 
shortemthamystermite lll 
coco Ambositrinae (p. 227) 
—  Metasomal tergites rounded laterally, lateroter- 
gites absent (Fig. 9.34); metasoma generally 
cylindrical, at most slightly wider than high; 
metasoma of female with more than five, of 
male with more than six visible tergites; stern- 
ite II of metasoma much longer than sternite 
ME ei. maet o e UE 2 


2 Antenna of female with 13 or fewer segments, 
antenna of male with 13 or 14 segments; fore 
wing with no marginal cell and vein Rs at 
most rudimentary (Fig. 9.39). ........................... 
—— ——MÀ Diapriinae (p. 227) 

— Antenna of female with 15, of male with 14 seg- 
ments; fore wing with marginal cell developed 
(open or closed), Rs present as true vein (Fig. 
MAD ci o NS AA pe tel e 3 


3 Notauli well-developed and complete (Fig. 9.35); 
antennal sockets protruding, positioned on dis- 
tinct ledge (Fig. 9.37); male antennal segment 
3 modified; hind tibia not thickened. ............... 
—À BEI DIU Belytinae (p. 226) 

— Notauli absent, reduced to anterior pits (Fig. 
9.36); antennal sockets not protruding, ledge 
not developed (Fig. 9.38); male antennal 
segment 4 (rarely also 3) modified; hind tibia 
thickenedec ome. 0 Ismarinae (p. 227) 


Synopsis of the Costa Rican fauna 


There are over 30 genera present in Costa Rica, 
several of which are yet undescribed. Nine of these 
genera are very speciose, with more than 50 species 
each in the country, ten genera comprise between 12 
and 50 species each, while the remaining genera are 
small. In total there appear to be approximately one 
thousand species in the country. 

Diapriidae occur in all major habitats in Costa Rica, 
but they are especially abundant in shaded areas with 
high humidity. They are less common in deforested 
areas. Representatives of the family occur at all alti- 
tudes and are remarkably well represented at very 
high elevations (above 2500 m), where most of the 
brachypterous forms occur. Most diapriids inhabit the 
forest floor, where they are probably searching for 
hosts in leaf-litter, decaying vegetation and on fungi. 
Some species actually occur within the soil and 
several are highly modified associates of ant colonies 
(Masner, 1976b; Huggert & Masner, 1983). A few 
species occur near stagnant or running water and 
enter the water. 

Where rainfall is fairly constant throughout the 
year diapriids occur year round, but in areas with a 
pronounced dry season adults of some species emerge 
in large numbers at the onset of the rainy season. In 
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Figs 9.33-9.38. Scanning electron photomicrographs of Diapriidae. Figs 9.33—9.34. Metasoma, ventral; 9.33, Dissoxylabis sp. 
(Ambositrinae); 9.34, Trichopria sp. (Diapriinae). Figs 9.35—9.36. Mesoscutum; 9.35, Belyta sp. (Belytinae); 9.36, Ismarus sp. 
(Ismarinae). Figs 9.37—9.38. Head, showing antennal insertion; 9.37, Belyta sp. (Belytinae); 9.38, Ismarus sp. (Ismarinae). 
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Figs 9.39—9.40. Diapriidae, fore wing; 9.39, Diapriinae; 9.40, Belytinae. 


general the larger species are strong fliers and are 
readily captured in Malaise traps, especially males. 
Smaller species and brachypterous species are more 
effectively collected by yellow pan traps, while the ant- 
associates often come to light traps in large numbers. 


BELYTINAE 


The Belytinae is a very large, and morphologically a 
very homogeneous group. Little is known of the biology 
of any species, although a few have been reared from 
mycetophilid puparia (Muesebeck in Krombein et al., 
1979; Gauld & Bolton, 1988). It is the least derived sub- 
family of Diapriidae as species have plesiomorphic wing 
venation and relatively unspecialized antennae and 
metasomas. Brachypterous forms are very rare. Generic 
concepts of neotropical Belytinae are presently quite 
arbitrary. In addition to the following genera there are 
several undescribed genera of Belytinae in Costa Rica 
that are related to South American taxa. 


Aclista. A moderately large genus with an esti- 
mated 20 species in Costa Rica. Biology: one North 


American species reared from dipterous larvae in 
Boletaceae (Muesebeck in Krombein et al., 1979). 


Belyta. A large, cosmopolitan genus, with about 60 
species in Costa Rica. Biology: unknown. 


Cinetus. A large genus with about 60 species in 
Costa Rica. Biology: a North American species is 
thought to parasitize dipterous larvae in bark beetle 
burrows (Muesebeck in Krombein et al., 1979). 


Miotella. A primarily neotropical genus repre- 
sented by numerous species in South America and a 
few in the Nearctic region. At least 15 species occur 
in Costa Rica. Biology: unknown. 


Pantoclis. A large genus with about 60 species 
occurring in Costa Rica. Biology: unknown. 


ISMARINAE 


A small subfamily comprising a single widespread 
genus, Ismarus (Masner, 1976d). Both morphologi- 


“qa As 


cally and biologically this is the most aberrant diapriid 
subfamily. The Ismarinae are structurally unique 
amongst Diapriidae in that the antennae are posi- 
tioned rather low on the face, with the antennal ledge 
not developed, and the scape very short; internally 
they lack the  tergal component of the 
mesotrochanteral depressor muscle that is present in 
the other subfamilies (Gibson, 1985). The mesosoma 
is relatively short and highly convex, and the meta- 
soma is distinctly campanulate, with the tergites fused 
to varying degrees into a carapace. 


Ismarus. Three species of this genus, I. dux, I. gra- 
cilis and I. helavai, have been reported from Costa 
Rica and/or Panama (Masner, 1976d), but the 
genus is probably represented by up to ten species in 
Central America. Keys to described species are given 
by Masner (19764). Biology: parasitoids of Dryinidae 
(Chambers, 1955; Waloff, 1975; Jervis, 1979). 


AMBOSITRINAE 


The Ambositrinae is primarily a southern hemisphere 
group of diapriids (Masner, 1969), with about 20 
genera present in Australia, New Zealand, Africa and 
America (Naumann, 1982, 1988). Members of this 
subfamily share some ancestral character states with 
the Belytinae (e.g. structure of the antennae), but they 
differ from all diapriids in the unique structure of the 
metasoma, especially the small sternite II and the 
fusion of three tergites to form the large syntergite II. 
Only two genera of Ambositrinae are represented in 
Costa Rica; one species of each genus extends into the 
Nearctic region. 

Virtually nothing is known of the biology of any 
ambositrine, except that one New Zealand species has 
been reared from a mycetophilid puparium. Masner 
(1969) and Naumann (1982) both suggest that these 
and similar dipterans probably serve as hosts for all 
species. 


Dissoxylabis. A New World genus ranging from 
Chile to the southern United States. It is represented 
by about 20 species in Costa Rica. Biology: unknown. 


Propsilomma. ^A New World genus ranging from 
Chile and Patagonia northward to Canada. It is rep- 
resented by about ten species in Costa Rica. Biology: 
unknown. 


DIAPRIINAE 


This is structurally the most derived and most 
diversified subfamily of the Diapriidae. The higher 
level (tribal) classification of the Diapriinae is not yet 
stabilized, but four tribes are recognizable: Psilini, 
Spilomicrini, Basalyini and Diapriini. The Psilini have 
the primitive condition of the large metasomal tergite 
composed of a single sclerite, whereas in all other 
members of the subfamily tergites II and III are fused 
into a single, large syntergite. 

Four tribes and 21 genera of Diapriinae occur in 
Costa Rica. Not listed below is an enigmatic, unde- 
scribed genus that may constitute a separate subfamily; 
it occurs in lowland tropical rainforests of South and 
Central America, West Africa, and the Philippines. 


DIAPRIINAE: Basalyini. Three genera of this tribe are 
present in Central America. 


Basalys. A cosmopolitan genus with about 30 
species in Costa Rica. Biology: hosts are species of 
Chloropidae and Anthomyiidae. 


Caecopria. A neotropical genus with about 25 
species occurring in Costa Rica. Biology: some 
species are associated with ant nests (Loidcono, 
IER OR 


Doliopria. A New World genus with approximately 
60 species occurring in Costa Rica. Biology: some 
species of Doliopria are evidently associated with ant 
nests, probably as parasitoids of Diptera. 


DIAPRIINAE: Diapriini. In addition to the following 
eight genera, there are also three undescribed genera 
(comprising 20 species in total) associated with ants. 


Acanthopria. A neotropical genus with approxi- 
mately 60 species present in Costa Rica. Biology: 
some species are possibly associated with ants. 


Corynopria. A cosmopolitan genus with approxi- 
mately ten species present in Costa Rica. Biology: 
parasitoids of brachycerous Diptera. 


ie See 


Gymnopria. A neotropical (Argentina, Brazil) genus 
with one species collected in Costa Rica. Biology: 
myrmecophiles; one Argentine species has been 
reared from the larva of a species of the 
leaf-cutting ant genus Acromyrmex (Loiacono, 1987). 


Labidopria. A neotropical genus with a single 
species in North America. Approximately 15 species 
are present in Costa Rica. Biology: associated with 
ants, and two species are recorded from the nest of 
the ecitonine ant Labidus praedator (Huggert & 
Masner, 1983). 


Megaplastopria. A neotropical genus represented 
in Costa Rica by approximately ten species. Biology: 
possibly parasitoids of brachycerous Diptera. 


Mimopria. A neotropical genus with about ten 
species represented in Costa Rica. Biology: found in 
association with ecitonine army ants (Masner, 
1976b), but the exact nature of the association is 
not known. 


Trichopria. A cosmopolitan genus represented by 
about 80 species in Costa Rica. Biology: parasitoids 
of a wide range of Diptera (Muesebeck in Krombein 
et al., 1979): Stratiomyidae, Tabanidae, Syrphidae, 
Agromyzidae, Chloropidae, Drosophilidae, Ephy- 
dridae, Sciomyzidae, Tephritidae, Calliphoridae, 
Sarcophagidae and Tachinidae. Several are known 
to develop gregariously (e.g. Cros, 1935). A North 
American species has been reared from Microdon 
(Syrphidae) in ant nests (Paulson & Akre, 1991), 
and another occurs in the nests of the ant, 
Labidus coecus, but its host is unknown. 


Xanthopria. A neotropical genus represented by 
about five species in Costa Rica. Biology: associated 
with ants, but the exact nature of the association is 
not known. 


DIAPRIINAE: Psilini. A single genus of this tribe is 
present in Central America. 


Coptera. A large cosmopolitan genus with approxi- 
mately 100 species found in Costa Rica so far. 
Biology: hosts are species of Tephritidae (Muesebeck 
in Krombein et al., 1979). One African species, C. 
silvestrii, develops as an endoparasitoid of tephritid 


puparia, or facultatively as an endophagous hyper- 
parasitoid. 


DIAPRIINAE: Spilomicrini. In addition to the five 
genera listed below there is an undescribed genus 
(represented by 15 species), some members of 
which exhibit unusually coarse sculpture on the 
mesosoma. 


Entomacis. A cosmopolitan genus with about 60 
species known to occur in Costa Rica. Biology: a 
North American species has been reared as a para- 
sitoid of Forcipomyia (Ceratopogonidae) in an old 
ant nest. Another North American species has been 
taken in nests of Aphaenogaster (Formicidae) 
(Muesebeck in Krombein et al., 1979). 


Idiotypa. A cosmopolitan genus with about 40 
species known to occur in Costa Rica. Biology: 
unknown, 


Pentapria. A predominantly New World genus 
with isolated species in Japan and Australia. 
Approximately 100 species have been seen from 
Costa Rica. Biology: hosts are species of Stratiom- 
yidae (Fouts, 1939). 


Paramesius. A cosmopolitan genus with about 15 
species known to occur in Costa Rica. Biology: 
unknown. 


Spilomicrus. A large cosmopolitan genus with 
about 100 species found in Costa Rica. The North 
American species were revised by Masner (1991b). 
Biology: hosts are species of Syrphidae and 
Muscidae, and possibly Staphylinidae. 


Diagnosis. Body 0.5 to 10.0 mm long, usually 1.0 
to 2.5 mm; body shape extremely variable, varying 
from very thin and elongate to very short and 
robust, depending on the shape of the host egg; 
colour most commonly black, but sometimes yellow 
or bicoloured with head black, mesosoma reddish 
orange, metasoma black; usually with distinctive 
surface sculpture, but sometimes smooth in smaller 
species. Some species are brachypterous or apterous, 


especially females. Antenna attached immediately above 
dorsal margin of clypeus, distinctly geniculate, usually 
with 12 segments (occasionally with 11, 10, 9 or 7), 
scape elongate, female antenna clavate, male antenna 
thread-like with segment 5 modified (rarely with 
additional segments modified). Fore wing with sub- 
marginal vein usually reaching anterior margin of 
wing to continue as marginal vein (sometimes thick- 
ened into dark spot), stigmal and postmarginal veins 
usually present; hind wing of most genera with com- 
plete submarginal vein that reaches the hamuli; 
wings very rarely without veins or veins indistinct. 
Metasoma usually moderately to strongly depressed 
dorso-ventrally; metasomal segments mostly subequal 
in length but one segment sometimes much larger 
than the others; apparent segment VII in female 
either external or internal, with minute cerci or 
sensory plates, extruding with ovipositor or attached 
to apparent tergite VI and not extruding with ovipos- 
itor; males with eight tergites. 


Classification and distribution. The family 
Scelionidae occurs worldwide and comprises several 
thousand species in roughly 150 genera, which are 
classified in three subfamilies, the Scelioninae, 
Teleasinae and Telenominae (Masner, 1976a). The 
first two subfamilies are apparently closely related 
whereas the third is quite different. 


Biology. All scelionids are idiobiont endopara- 
sitoids in the eggs of insects and spiders, with devel- 
opment always being completed within a single host 
egg. Most scelionids are solitary parasitoids, but gre- 
garious development, with five to ten individuals 
completing development in a single host egg, is 
encountered in some Telenominae. Members of the 
subfamily Scelioninae attack the eggs of a wide range 
of insects (including those of the Hemiptera, 
Orthoptera, Embiidina, Mantodea) and spiders, 
whereas the Teleasinae appear to be restricted to 
coleopteran eggs, and Telenominae predominantly to 


Fig. 9.41. Chromoteleia sp. (Scelionidae). 


hemipteran and lepidopteran eggs. Most species show 
considerable host-specificity; many are restricted to a 
single host species and most are restricted to a single 
host family. However, such apparent host-specificity 
may simply reflect a lack of study (see, for example, 
Fedde, 1977). Only occasional records exist of sce- 
lionids ovipositing into eggs of species from several 
families, but in these cases the hosts always belong 
to the same order (N.F. Johnson, 1984). 

Generally the female scelionid searches for host 
eggs in only one particular segment of the environ- 
ment. For example, species of Leptoteleia seem to be 
restricted to oecanthine gryllids that oviposit into 
stems and crevices in the bark of plants (Masner, 
1978), while species of Duta attack the eggs of nemo- 
biine gryllids in the soil (Masner, 1991a). Species of 
Tiphodytes parasitize the eggs of gerrids on floating or 
submerged vegetation (Spence, 1986). Even within a 
narrow habitat, individual species often show a prefer- 
ence for a particular microhabitat. For example, 
Telenomus sphingis appears to spend more time search- 
ing for eggs of Erinnyis ello (Sphingidae) on the upper 
sides of leaves than on the under sides (Gold et al., 
1989). Scelionids attack both host eggs that are 
clumped (e.g. Eberhard, 1975), and those that are 
deposited solitarily (e.g. D.C. Allen, 1972). Some sce- 
lionids search for either eggs defended by the female 
insect that laid them, or gravid female hosts about to 
oviposit. For example, in Colombia Phanuropsis 
semiflaviventris and Trissolcus bodkini are attracted to 
immobile individuals of  Antiteuchus  tripterus 
(Pentatomidae), and attack the egg masses 
being guarded by the female pentatomid (Eberhard, 
1975). 

Other scelionid females are phoretic, attaching them- 
selves to the body of the adult host and disembarking 
when the host is ovipositing. For example, North 
American species of Synoditella use their mandibles to 
attach to the intersegmental membranes of grasshop- 
pers (Lanham & Evans, 1960), Epigryon attach to the 
ventral surface of the abdomen of Phymatidae (Masner, 
1980c) and Telenomus calvus attaches with its tarsi to 
various locations on a pentatomid (Orr et al., 1986). 
This behaviour allows the parasitoid access to freshly 
laid eggs (Clausen, 1976). Both Synoditella and Epigryon 
are represented in Costa Rica. 

Virtually all scelionids are primary parasitoids 
although at least one European species has been 
reported to develop as a facultative hyperparasitoid 


(Viktorov, 1966). Most species are solitary and many 
strongly avoid superparasitism. Discrimination of pre- 
viously parasitized hosts occurs via detection of an 
external marking pheromone or via an internal 
marker. After oviposition the female wasp applies an 
external marker, originating from her accessory gland 
(Strand, 1985), by wiping the extruded ovipositor 
across the surface of the host egg. The external 
marker is active immediately following deposition, but 
lasts only 12 hours to three days (Bosque & 
Rabinovich, . 1979; Klomp et al., 1980). Internal 
marking appears to be related to necrosis of the host 
egg (see below) and differs from the external marker 
in that it does not take effect immediately, persists 
throughout development, and is recognizable between 
taxa (Strand, 1986). When superparasitism does 
occur, it is always while the external marker is still 
detectable, but before the internal marker has taken 
effect. 

In Telenomus heliothidis the ovipositing female is 
known to introduce a venom into the host egg which 
stops further host development (Strand et al., 1986). 
Teratocytes, which are liberated by the scelionid egg 
membrane at the time of hatching, produce secretions 
that result in necrosis of the host egg (Strand, 1986). 
These secretions also destroy eggs of other parasitoids 
that happen to be present. 

The first instar larva is very characteristic, without 
visible segmentation, but with the body constricted 
centrally so that two parts, a cephalothorax and 
abdomen, are discernible. This so-called teleaform 
larva has very large mandibles, and is frequently fur- 
nished with well developed processes on the 
cephalothorax and a long caudal appendage. The 
mandibles are apparently used in intraspecific combat 
between two scelionid larvae that hatch at roughly 
the same time (Strand, 1986). There are normally 
three larval instars and most of the feeding occurs 
during the last two. The second instar, at least in 
some species, is sacciform, and the mature larva is 
typically hymenopteriform (Schell, 1943; Hidaka, 
1958; Gerling, 1972; Gomez de Picho, 1987). 
Pupation takes place in the host egg. 

In those species that attack clusters of eggs most 
individuals that emerge are females (Waage, 1982). 
The males emerge first and often fight for supremacy 
on the egg mass (F. Wilson, 1961; Eberhard, 1975), 
where they then mate with their sisters as they 
emerge (N.F. Johnson, 1984). Courtship and mating 


behaviour has been described for several species, 
including Phanuropsis semiflaviventris and Trissolcus 
bodkini (Eberhard, 1975). 

In the Temperate region many species of 
Scelionidae have adult emergence patterns that are 
well synchronized with the oviposition period of their 
host, though this is not universal (see review by Orr, 
1988). A few temperate species are very long-lived as 
adults (Grijpma, 1984), surviving over the winter to 
attack host egg masses laid the following year 
(Torgersen & Ryan, 1981; Grijpma et al., 1991). Such 
prolonged adult longevity also seems to occur in the 
seasonal parts of the tropics. For example, in the sea- 
sonally dry parts of Costa Rica a telenomine has been 
observed to attack egg masses of a pentatomid species, 
develop rapidly and emerge. It apparently passes the 
long dry season as an adult (Gauld, pers. comm.). 
Another telenomine was observed forming small 
aggregations on the same leaf nightly during the dry 
season and promptly disappeared when the rains 
began (W. Eberhard, pers. comm.). 

In contrast with the generally uniformly black or 
brownish coloured scelionids found in the Old World 
tropics, many neotropical Scelionidae (in Costa Rica 
11 genera, see below) show very striking colour pat- 
terns, with a bright reddish orange mesosoma. Most 
of these brightly patterned species are 3-10 mm long 
and occur at altitudes below 2000 metres in some- 
what open habitats above the ground (e.g. on 
shrubs). The bright reddish orange mesosoma may 
be an aposematic coloration that provides protection 
against predators. The evidence for this coloration 
being aposematic is still only circumstantial, but it 
interesting that a similar colour pattern occurs in 
some Braconidae, Evaniidae, Symphyta, 
Mutillidae, Ichneumonidae and in the sphecid genus 
Stigmus. 


Economic importance.  Scelionids, particularly 
telenomines, have been used quite successfully in 
classical biological control programmes, directed 
principally against pest Hemiptera and Lepidoptera. 
Twelve scelionid species have become established fol- 
lowing releases against 11 target pests; on six of the 
23 separate occasions in which establishment 
occurred, the target species was effectively controlled 
(Greathead, 1986). Trissolcus basalis and Telenomus 
remus have been introduced into many different 
countries to control Nezara viridula (Pentatomidae) 


and noctuids, respectively (Clausen, 1978), and 
several species of Telenomus and Trissolcus are impor- 
tant factors in integrated pest management systems 
to control soybean stink bugs in Brazil (Kobayashi & 
Cosenza, 1987). Information on the biology of T. 
basalis can be found in Buschmann and Whitcomb 
(1980) and Powell et al. (1981); information on T. 
remus can be found in Gerling (1972) and Gomez de 
Picho (1987). One of the most successful biological 
control programmes involving scelionids was the 
introduction of Telenomus alsophilae from North 
America to Colombia to control Oxydia trychiata, a 
geometrid forest pest (Bustillo & Drooz, 1977: Drooz 
et al., 1977). 

Several telenomines that occur in Central America 
could possibly be used in non-classical biological 
control, via mass rearing or environmental 
modifications. For example, Telenomus solitus attacks 
eggs of Trichoplusia ni (Noctuidae) in Guatemala 
(Johnson, 1983). In Costa Rica eggs of the cassava 
hornworm (Erinnyis ello, Sphingidae) are attacked by 
three species of Telenomus (Johnson, 1990)—T. con- 
nectans, T. dilophonotae and T. monilicornis—which pos- 
sibly search for hosts in different manners (Gold et al., 
1989). Several Central American pentatomid pests are 
also attacked by scelionids (Table 9.1). In Central 
America there has been some study of the feasibility of 
using Telenomus fariai and other telenomines against 
reduviid vectors of Chagas disease, but with mixed 
results (Zeledón, 1957; Montesinos € Rabinovich, 
1979) 

Orr (1988) has recently summarized the biological 
and ecological attributes of scelionids with respect to 
their potential use in biological control. In host 
searching ability Telenomus species have been reported 
to be generally superior to Trichogramma species. Two 
species with wide host ranges, Telenomus alsophilae (17 
host genera) and Trissolcus basalis (14 host genera), 
have been utilized for the two most spectacular classi- 
cal biological control successes involving scelionids 
(see above). With respect to temporal synchronization, 
dispersal capacity, and density responsiveness, scelion- 
ids also appear to be very suitable for biological 
control. Some components of the sex pheromone of 
Spodoptera frugiperda stimulate host-seeking activity by 
Telenomus remus. Thus applications of sex pheromones 
to cause mating disruption in the pest, would also 
serve to retain scelionid parasitoids in the crop 
(Nordlund et al., 1983). 


Pentatomid Parasitoid 


Antiteuchus costaricensis Phanuropsis semiflaviventris 
Telenomus sp. 

Trissolcus radix 

Trissolcus pustulans 
Trissolcus urichi 

Trissolcus brochymenae 
Trissolcus hullensis 
Trissolcus urichi 

Trissolcus brochymenae 
Trissolcus urichi 


Edessa rufomarginata 


Nezara viridula 


Piezodorus guildinii 


Table 9.1. Central American pentatomid pests and 
their telenomine parasitoids. Data from Johnson 
(1985b, 1987); records from A. costaricensis on 
macadamia, P. Hanson (pers. comm.). 


Identification. Keys to the world genera of 
Scelionidae are given by Masner (1976a) and to the 
holarctic genera by Masner (1980c), and it is from 
these that the following key is modified. 


Key to subfamilies of Scelionidae and to 
tribes of Scelioninae occurring in Costa 
Rica 


1 Fore wing with marginal vein 2.5 to 4.0 times as 
long as stigmal vein (Fig. 9.42); metasomal 
tergite III by far the longest and widest tergite, 
as long as or longer than the following tergites 
combined (Fig. 9.44); lateral ocellus remote 
from eye margin by at least 2.0 times its own 
diameter, often closer to anterior ocellus than 
(io) Ge mars 9 E7). eee eec 
ON Teleasinae (p. 239) 

— Fore wing with marginal vein at most twice as 
long as stigmal vein, usually much shorter 
(Fig. 9.43); tergite III variable but always 
shorter than the combined length of the fol- 
lowing tergites (Figs 9.45, 9.46); lateral 
ocellus usually closer to eye margin (Fig. 
9:48). aii e TT 2 


2 Metasoma with wide laterotergites (Fig. 9.49) 
loosely attached to sternites, hence no 
impressed submarginal ridge; tergite II by far 
the largest of all the metasomal tergites (Fig. 
9.45); female antenna usually 11-segmented 


(rarely 10-segmented), male antenna 12- 
segmented «eee Telenominae (p. 239) 
—  Metasoma with narrow laterotergites (Fig. 9.50) 
sharply impressed into sternites, with distinct 
submarginal ridge; tergite II seldom the largest 
tergite, metasoma usually with segments of 
more or less equal size (Fig. 9.46); female 
antenna usually 12-segmented, rarely with 
fewer segments (6-11), male antenna 12-seg- 
mented, rarely with fewer segments (8-11). ... 
UE EO Goo: (Scelioninae).................. 3 


3  Metasoma with tergite II longer than tergite III. 
‘[Body often short and plump, less than 3.0 


Maine] ic AN 4 
—  Metasoma with tergite II at most as long as 
tereite MIT 7 


4 Body smooth, with scattered long bristles; fore 
wing with postmarginal vein almost reaching 
wing apex, marginal cilia at least as long as 
width of ee 
stereo Embidobiini (Embioctonus) (p. 237) 

— Body sculptured, with short bristles; fore wing 
with postmarginal vein and marginal cilia 
shorter than width of wing. .......................... 5 


5 Scutellum rectangular, 
metanotum (Fig. 9.51). 
[Females yellow, males dark brown; eyes often 
iridescent green; body flattened.] ..................... 


barely longer than 


Tio E RON Aradophagini (p. 236) 
— Scutellum semicircular, much longer than 
MN a II MM c 6 


6 Fore wing twice as long as metasoma, with trace 
of basal vein visible (Fig. 9.53). ........................ 
mni. c Baeini (Baeus, males) (p. 236) 

— Fore wing at most 1.5 times as long as meta- 
soma, with no trace of basal vein. ................... 
—————ÁÁÓ€ Gryonini (p. 237) 


7 Female antenna 7-segmented, club unsegmented 
(Fig. 9.54); male antenna with 11 or fewer 
segments. 

[Bodyalessithiang3s Oman eee em 8 
— Female antenna with segmented club and thus 
more than 7 (usually 12) segments; male 
antenna l2-segmentedi oee S 9 


10 


11 


112 


I3 


14 


15 


16 


Skaphion present (cf Fig. 9.52). aeeie 
a ETE TETTE Thoronini (Thoronidea) (p. 239) 
Skaphion absent. ....................... Baeini (p. 236) 


Metasoma 'stepped' in lateral view, i.e. at least 
with tergites II and III markedly depressed 
A 9,55) EN acecnsones0sceasteseeesseccsckecnce 
AA Cremastobaeini (p. 237) 

Metasoma smooth in lateral view (cf Fig. 9.50)... 
A: 10 


Hind wing with submarginal vein incomplete, 
not reaching fore margin of wing (Fig. 9.56). . 
AA TROC QR. Jit 
Hind wing with submarginal vein complete, 
reaching fore margin of wing, or apterous 
AN dE HEU faeit co peamensantare E 


Mid and hind tibiae with two apical spurs. 
[Eyes with long scattered hairs; fore wing with 


the postmarginal vein absent.] ......................... 
m Sparasionini (Sceliomorpha) (p. 239) 
Mid and hind tibiae with one apical spur. ...... Jt 


Back of head with dense tufts of white setae (Fig. 
9.31); metasoma mostly smooth. ...................... 
re roe ROE Doddiellini (p. 237) 

Back of head without dense tufts of setae; meta- 
SOMA mostly Ban (tan rere rer 
A A S Scelionini (p. 238) 


Frons with depression (Fig. 9.58), which has 
transverse striae, or is laterally carinate 


Gaa O a 14 
Frons not distinctly concave and laterally cari- 
ME E R OE E AOS Aa 16 


Fore wing with marginal vein longer than 


ima vara (Eig DAD) eeren etase teea 
OO Psilanteridini (Leptoteleia) (p. 238) 
Fore wing with marginal vein shorter than 
Sua yaa (EI CMmORGIN) Wmterces-.<csssccseeresesesete 115 
Body about 1 mm jlengyellowish..... retten 
EIL Embidobiini (Palaeogryon) (p. 237) 
Body 2.5 mm or more in length, dark. ................. 
TOR RES Baryconini (Baryconus) (p. 236) 
Skaphion present (cf Fig. 9.52). .................... 17 


Skaphioniabsem t o = ci sccccrcravsavessessnereeceees i) 


17 Smooth and shining, without microsculpture. .... 
woes ET eee Thoronini (Neothoron) (p. 239) 
— Body with microsculpture. ..........................-.-. 18 
18 Metanotum extending posteriorly as semicircular 
or triangular plate (Fig. 9.62); notauli com- 
plete; fore wing with marginal vein shorter 
than stigmal vein (Fig. 9.61)... 
E ke Baryconini (Chromoteleia) (p. 236) 
— Without the above combination. .........................- 
ONE eite most Psilanteridini (p. 238) 


19 Female antenna with less than 12 segments. 
[Fore wing with postmarginal and stigmal veins 


longer than marginal vein.].............................. 
We E e eere Embidobiini (Embidobia) (p. 237) 
— Female antenna with 12 segments. ............... 20 
20 Scutellum with spine on posterior margin. ........... 
RAT Psilanteridini (Spiniteleia) (p. 238) 
— Scutellum without spine. ................ eere 21 


21 Body not elongate, metasoma pedunculate (Fig. 
9/63) 99 RE RODE 
.. Psilanteridini (Anteris, Psilanteris) (p. 238) 
— Body elongate, metasoma not pedunculate 
(Eie 9 64) s Calliscelionini (p. 236) 


Synopsis of the Costa Rican fauna 


Scelionids occur at all elevations and in all major 
habitats in Costa Rica and they are especially diverse 
in undisturbed lowland rainforests and mid-elevation 
cloud forests. Elsewhere in the world some members of 
the family are known from such habitats as caves, 
deep soil, litter and fresh water. 

AII three subfamilies are represented in Costa Rica, 
by at least 47 genera in total. Seven of these genera 
each contain over 50 species in Costa Rica, and alto- 
gether there probably are between 1200 and 2500 
species present in the country. The subfamilies and 
scelionine tribes are discussed further below, for sim- 
plicity, in alphabetical order. Certain taxa expected to 
occur in Costa Rica, but as yet not collected here, are 
also included, but denoted by the suffix *. 


SCELIONINAE 


This is the largest and most variable subfamily, con- 
taining more than 90 percent of the genera in the 
family. It is currently subdivided into sixteen tribes 


Figs 9.42- 9.52. Scelionidae. Figs 9.42-9.43. Fore wing; 9.42, Teleasinae; 9.43, Telenomus sp. (Telenominae). Figs 9.44—9.46. 
Metasoma, dorsal; 9.44, Teleasinae; 9.45, Telenomus sp. (Telenominae); 9.46, Scelioninae. Figs 9.47-9.48. Head, dorsal; 9.47, 
Teleasinae; 9.48, Scelioninae. Figs 9.49—9.50. Metasoma, lateral; 9.49, Trissolcus sp. (Telenominae); 9.50, Macroteleia sp. 
(Scelioninae). Figs 9.51-9.52. Mesosoma, dorsal; 9.51, Aradophagus sp. (Aradophagini); 9.52, Psilanteridini. 


SUBMARGINAL 
VEIN 


Hl 


METANOTUM 


Figs 9.53-9.64. Scelionidae. Figs 9.53-9.54. Baeus sp.(Baeini); 9.53, fore wing of male; 9.54, antenna of female. Fig. 9.55. 
Metasoma, lateral, Cremastobaeus sp. (Cremastobaeini). Figs 9.56-9.57. Hind wing; 9.56, Sparasionini; 9.57, Macroteleia sp. 
(Calliscelionini). Figs 9.58—9.59. Head, anterior; 9.58, Leptoteleia sp. (Psilanteridini); 9.59, Baryconus sp. (Baryconini). Figs 
9.60-9.61. Fore wing; 9.60, Leptoteleia sp. (Psilanteridini); 9.61, Baryconus sp. (Baryconini). Fig. 9.62. Posterior part of meso- 
soma, Chromoteleia sp. Figs 9.63—9.64. Metasoma, dorsal; 9.63, Psilanteris sp. (Psilanteridini); 9.64, Calliscelio sp. 


(Calliscelionini). 


(Masner, 1976a). The Scelioninae of Costa Rica 
belong to 12 tribes and 39 genera. Following is a 
synopsis of the genera present in Costa Rica, with 
information on presence/absence of aposematic 
colour pattern ( ! = genera with some Costa Rican 
species having a bright reddish orange mesosoma, ? 
= genera with all Costa Rican species having this 
colour pattern). 


SCELIONINAE: Aradophagini. This small tribe includes 
three genera which occur widely in the Holarctic 
region, West Africa, southern India and Australia 
(Masner & Huggert, 1979b). Most species seem to 
occur in areas with a pronounced dry season. There 
is one very unusual undescribed genus from season- 
ally dry savanna habitat in northwestern Costa Rica. 
The hosts of this group are not known, but 
they might be the eggs of aradid bugs living under 
bark. 


Aradophagus**. This is primarily a holarctic 
genus, which extends southwards into dry tropical 
areas in India. Biology: possible hosts are the eggs of 
Aradidae (Hemiptera), which occur under bark on 
trees, although this suggestion is contradicted by 
the observation that numerous individuals occur 
indoors in places (G. Byers, pers. comm.). 


SCELIONINAE: Baeini. This large, cosmopolitan tribe 
includes ten genera, three of which are present in Costa 
Rica. As far as is known all baeines parasitize the eggs 
of spiders (Austin, 1985). 


Baeus. A cosmopolitan genus represented in Costa 
Rica by about 20 species. The females are apterous. 
Biology: one widespread species is known to develop 
in the eggs of Latrodectus (Theridiidae) (Pemberton 
& Ross, 1940), and in Costa Rica another species is 
known to attack eggs of Archaearanea tepidariorum 
(Theridiidae) (Valerio, 1971). 


Idris (= Ceratobaeus). A cosmopolitan genus with at 
least 100 species present in Costa Rica. Females 
of some species are short-winged or apterous; 
most species are brightly coloured (yellow, orange, 
etc.). Biology: a North American species has been 


reared from the egg sacs of Salticidae (Muesebeck, 
in Krombein et al., 1979). 


Odontacolus. A pantropical genus that in the 
New World ranges as far north as Texas and 
Florida. It is represented by ten species in Costa 
Rica. Only fully-winged forms are known. Biology: 
unknown. 


SCELIONINAE: Baryconini. Worldwide this tribe 
includes five genera, two of which have been found in 
Costa Rica. Known hosts of species of this tribe are the 
eggs of Tettigoniidae (Phaneropterinae) on or in the 
leaves of plants. 


Baryconus’. A cosmopolitan genus with about 30 
species in Costa Rica. The nearctic fauna was 
monographed by Ritchie and Masner (1983). 


Chromoteleia?. A primarily neotropical genus 
occurring throughout South and Central America 
north to Mexico and the Caribbean, and in: Africa. 
Approximately 20 species have been found in 
Costa Rica. 


SCELIONINAE: Calliscelionini. This is the largest tribe 
in Scelioninae with 18 described genera worldwide, 
seven of which have been found in Costa Rica. Most 
calliscelionines are small insects and only Macroteleia 
and Triteleia are over 3.0 mm in length. Known hosts 
of this tribe are the eggs of various Orthoptera. 


Anteromorpha. A cosmopolitan genus with ten 
species so far found in Costa Rica. 


Calliscelio. A large cosmopolitan genus with about 
70 species found so far in Costa Rica, some of them 
brightly coloured. Biology: reared from eggs of 
Gryllidae in North America (Muesebeck, in 
Krombein et al., 1979). 


Macroteleia!. A cosmopolitan genus with approxi- 
mately 20 species present in Costa Rica. The New 
World species were recently revised by Muesebeck 
(1977). Biology: two species parasitize the eggs of 
species of Tettigoniidae. 


Oethecoctonus!. A pantropical genus with a few 
species penetrating into some temperate areas. This 
genus is particularly species-rich in tropical 
America and approximately 20 species have been 
found so far in Costa Rica. The North American 
species were monographed by Masner (1983a). 
Biology: hosts are the eggs of tree-crickets 
(Gryllidae: Oecanthinae), deposited in stems or in 
cracks in bark. 


Paridris. A cosmopolitan genus with approxi- 
mately 40 species found in Costa Rica. Biology: a 
North American species has been reared from the 
eggs of Gryllus (Gryllidae) (Fouts, 1920). 


Probaryconus!. A cosmopolitan genus with 
approximately 70 species present in Costa Rica. 


Triteleia?. A widespread genus that is represented 
in Costa Rica by at least 50 species. Species of 
Triteleia, together with some Sceliomopha, are the 
largest scelionids in the country. 


SCELIONINAE: Cremastobaeini. A rather small tribe 
comprising just two genera, both of which are repre- 
sented in the Costa Rican fauna. 


Cremastobaeus. A cosmopolitan genus represented 
in Costa Rica by about 20 species. Biology: an 
Indian species has been reared from the eggs of a 
cricket (Austin, pers. comm.). 


Parascelio. A neotropical genus with species extend- 
ing northwards to Mexico and in the Caribbean. Five 
species have been found in Costa Rica. 


SCELIONINAE: Doddiellini™. A small tribe comprising a 
single genus that occurs throughout the world in the 
tropics and subtropics. Its hosts are unknown, but 
adults are generally collected by sifting soil. 


Doddiella**. In the New World species of this genus 
have been collected throughout tropical South 
America, north to Panama. 


SCELIONINAE: Embidobiini. This tribe comprises seven 
genera that occur widely in the warmer tropical and 
subtropical parts of the world. Three are known to 
occur in Costa Rica. Embidobiines are minute scelion- 
ids that are seldom caught in traps. Most are believed 
to parasitize the eggs of Embiidina, but one species of 
an ethiopian genus is known to attack the egg sac of a 
littoral spider (Masner & Dessart, 1972; Masner, 
197962). 


Embidobia. This widespread genus is represented 
in Costa Rica by about ten species. Biology: hosts 
are the eggs of various Embiidina (Masner, 19764). 


Embioctonus. A neotropical genus, with some 
species extending northwards into Mexico and 
southern Florida. Five have been found to occur in 
Costa Rica. Biology: hosts are the eggs of various 
Embiidina (Masner, 1980c). Females are sometimes 
apterous. 


Palaeogryon. This neotropical genus extends north 
to Mexico and the southern U.S.A. Three species are 
known to occur in Costa Rica. Biology: in Ecuador a 
species of this genus was reared from the eggs of 
either Chelicerca or Oligambia sp. (Embiidina) 
(Masner, 1976a). 


SCELIONINAE: Gryonini. This very large tribe com- 
prises, worldwide, ten genera, three of which occur 
in Costa Rica. A key to these is given by Masner 
(1983b). Except for one palaearctic species known to 
attack the eggs of mantids, members of this tribe 
seem to be confined to parasitizing the eggs of 
Hemiptera. 


Dyscritobaeus. A pantropical genus that, in the 
New World, extends northwards as far as Kentucky 
and Maryland. It is represented in Costa Rica by 
approximately 25 species. 


Epigryon. This neotropical genus extends north- 
wards to southern Florida, and is represented in 
Costa Rica by a single species. Biology: one species 
of this genus, which occurs in the southern United 
States, is phoretic on a species of Phymata 
(Reduviidae: Phymatinae) (Masner, 19800). 


Gryon. An extremely large cosmopolitan genus rep- 
resented in Costa Rica by at least 50 species. 
Masner (1979) gives a key to neotropical species in 
the variicornis species-group, and Masner (1983b) 
has revised the nearctic species. Biology: parasitoids 
in eggs of Hemiptera, mainly in species of Coreidae 
and perhaps less commonly Pentatomidae, 
Scutelleridae and Lygaeidae. Schell (1943) and 
Kenaga (1944) describe the biology of two wide- 
spread nearctic species. n 


SCELIONINAE: Psilanteridini. A large cosmopolitan 
iribe that includes 16 described genera, nine of 
which occur in Costa Rica. Structurally species in 
this tribe are very similar to members of the 
Calliscelionini and the two tribes should perhaps be 
amalgamated. The hosts of these insects are mostly 
unknown, but what few records are available are 
generally from Gryllidae although one species may 
attack Odonata. 


Anteris. A holarctic and neotropical genus whose 
range extends southwards as far as Peru. It is repre- 
sented in Costa Rica by about ten species. 


Calotelea. A cosmopolitan genus, with at least 50 
species present in Costa Rica. The nearctic species 
were revised by Masner (1980a & b). Biology: 
although there are no definite host records, it is sus- 
pected that Calotelea species attack the eggs of small 
crickets deposited in the ground. In Peru, circum- 
stantial evidence suggests a species of Cycloptilum 
(Gryllidae, Mogoplistini) might be a host (Masner, 
1980b). 


Duta. A cosmopolitan genus with approximately 15 
species occurring in Costa Rica. The nearctic species 
have been revised by Masner (1991a). Biology: hosts 
are eggs of the Nemobiinae (Gryllidae). 


Lapitha!. A neotropical genus with one species 
extending northwards into the United States. Ten 
species have been found to occur in Costa Rica. 


Leptoteleia!. A more or less cosmopolitan genus 
that is perhaps most species-rich in the Neotropics. 
It is represented in Costa Rica by at least ten 
species. Masner (1978) revised the world species. 


Biology: the hosts of two species, from the United 


States and Haiti, are crickets of the genera 
Oecanthus and Chremon (Gryllidae), groups which 
usually oviposit into stems or crevices in bark 
(Masner, 1978). 


Opisthacantha. A cosmopolitan genus represented 
in Costa Rica by 36 species. 


Psilanteris. A cosmopolitan genus with at least 50 
species present in Costa Rica. 


Spiniteleia. A small nearctic genus that extends 
south to Costa Rica where it is represented by a 
single species. It is also known to occur on the 
Galapagos Islands. Specimens of this genus are gen- 
erally obtained by sifting leaf litter, or in pit-fall 
traps. Biology: hosts are possibly the eggs of nemo- 
biine crickets (Masner, 19800). 


Thoronella. A neotropical, nearctic and ethiopian 
genus represented in Costa Rica by two species. 
Biology: a nearctic species has been observed to be 
phoretic on the thorax of an aeschnid dragonfly 
(Carlow, 1992). 


SCELIONINAE: Scelionini. This cosmopolitan tribe com- 
prises ten genera worldwide. Four of these have been 
found to occur in Costa Rica. The known hosts of 
Scelionini are eggs of the Acridoidea. 


Acanthoscelio!. A neotropical genus that ranges 
north to Costa Rica, where it is represented by five 
species. 


Pseudoheptascelio!. A neotropical genus that 
occurs as far north as Costa Rica, where it is repre- 
sented by two species. Biology: one species was 
recently reared in Trinidad from the eggs of a 
species of the acridid genus Cornops, which is associ- 
ated with water hyacinths. 


Scelio!. A large cosmopolitan genus with at least 
30 species present in Costa Rica. Biology: several 
North American species attack the eggs of 
Melanoplus (Acrididae) and one species, S. ernsti, 
which occurs in Costa Rica, attacks the eggs of 


Schistocerca spp. 
Krombein et al., 1979). 


(Acrididae) (Muesebeck in 


Synoditella. This genus occurs in North and 
Central America, throughout the Caribbean, and 
south into Venezuela and Ecuador. One species has 
been collected in Costa Rica. Biology: females of 
Synoditella species are phoretic on short-horned 
grasshoppers (Acrididae). The biology of one North 
American species was described by Lanham and 
Evans (1958, 1960). 


SCELIONINAE: Sparasionini. This small Cosmopolitan 
tribe comprises four genera, one of which occurs in 
Costa Rica. Known hosts of these scelionids are the 
eggs of species of Decticinae (Tettigoniidae) and 
Stenopelmatinae (Gryllacrididae), hosts that lay eggs 
individually in or on plant tissue. 


Sceliomorpha!. A neotropical genus with one species 
occurring as far north as Texas. Approximately 15 
species have been collected in Costa Rica. Some are 
amongst the largest scelionids in the country. 


SCELIONINAE: Thoronini. This widespread tribe com- 
prises seven genera, one or two of which occur in 
Costa Rica. Thoronines are parasitoids in the eggs of 
aquatic Hemiptera (Masner, 1972; Masner & 
Huggert, 1979a). Some species enter fresh water to 
gain access to host eggs, but they generally do so by 
walking on vegetation from the surface, and not by 
swimming (Spence, 1986; Henriquez & Spence, 
1993). 


Neothoron®*. A neotropical genus. Biology: pre- 
sumed to parasitize the eggs of Nepidae. 


Thoronidea. A New World genus with species 
occurring in Central America, the Caribbean and 
Maryland, U.S.A; two have been found in Costa 
Rica. Biology: presumed to attack eggs of 
Gelastocoridae (Hemiptera). 


TELEASINAE 

The Teleasinae is a very homogeneous cosmopolitan 
subfamily, containing about ten genera worldwide. 
Two described and one undescribed genera occur in 


Costa Rica. Although the Teleasinae appear to be 
more diverse in temperate regions than in tropical 
areas, it is possible that in the tropics relatively more 
species are found in the canopy, and the size of the 
group has thus been underestimated. Members of this 
subfamily are presumed to parasitize eggs of Carabidae 
(Coleoptera), many of which occur in tropical forest 
canopies. 


Gryonoides. Primarily a neotropical genus with a 
range extending north to Mexico. This may be an 
example of a canopy dwelling group. Ten species 
are known from Costa Rica. 


Trimorus. An extremely large cosmopolitan genus, 
species of which seem to prefer ground habitats, 
especially at higher altitudes. This genus is repre- 
sented in Costa Rica by at least 100 species. The 
North American species were revised by Fouts 
(1948). 


Undescribed genus (near Xenomerus of the Old 
World). About ten species of this genus have been 
collected at lower altitudes in Costa Rica. Males are 
characterized by having the antenna with some seg- 
ments bottle-shaped and with very long bristles. 
The body of both sexes is partly smooth, the meta- 
soma of the female is circular, and the mesoscutum 
has one to three longitudinal keels. 


TELENOMINAE 


The Telenominae is an extremely large cosmopolitan 
subfamily which rivals in species-richness almost any 
other group of parasitic Hymenoptera. However, only 
a small fraction of the species have been described. 
Morphologically it is a very homogeneous group, and 
the numerous species are classified in about eight 
genera, four of which are known to occur in Costa 
Rica, and one of which might spread to the country. 
These may be separated using Table 9.2. The 
Telenominae attack principally the eggs of two host 
groups, Hemiptera and Lepidoptera, but a few species 
are known to parasitize the eggs of such diverse hosts 
as Tabanidae (Diptera), Chrysopidae (Neuroptera) and 
Fulgoroidea (Homoptera). 


Eumicrosoma. A cosmopolitan genus comprising 
relatively few species, three of which are known to 


—Marginal vein distinctly longer than stigmal vein (Fig. 9.66); body 
| flattened dorsoventrally 


Eumicrosoma 


—Marginal vein usually short (Fig. 9.65); body usually not flattened 


—Malar space with striae radiating from mandible base (Fig. 9.67) ...Psix 


—Malar space without striae radiating from base of mandible 


—At least posterior end of metasoma orange 


—Entire metasoma black 


—Frons smooth; notauli absent 


—Frons sculptured; notauli often partially present 


Phanuropsis 


Telenomus 


Trissolcus 


Table 9.2. Identification table for Costa Rican genera of Telenominae. 
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Figs 9.65-9.67. Telenominae. Figs 9.65-9.66. Fore wing; 9.65, Telenomus sp.; 9.66, Eumicrosoma sp. Fig. 9.67. Face, Psix 


tunetanus. 


occur in Costa Rica. Biology: parasitoids in the eggs 
of species of Blissinae (Lygaeidae) (McCulloch, 1915). 


Phanuropsis. A small mesoamerican and northern 
South American genus with a known range from 
Honduras to Colombia. One species is known to 
occur in Costa Rica. Johnson (1987) has revised the 
species. Biology: parasitoids in the eggs of 
Pentatomidae (Eberhard, 1975). 


Psix**. This is an Old World genus with one 
species, P. tunetanus, apparently introduced into the 
southwestern United States and Venezuela, and 
likely to spread to Costa Rica (Johnson & Masner, 
1985). Biology: parasitoids in the eggs of 
Pentatomidae. 


Telenomus. A cosmopolitan genus comprising 
several hundred described species worldwide and 


many more undescribed ones. At least 300 species 
are present in Costa Rica. Johnson (1981, 1984) 
and Masner and Johnson (1979) have mono- 
graphed some nearctic species. Biology: most species 
of Telenomus parasitize the eggs of Lepidoptera, 
while a few attack the eggs of Hemiptera. T.sulculus, 
reared from eggs of Zelus sp. (Reduviidae) in Mexico 
and Guyana, has dimorphic males: normal winged 


males and brachypterous males with enlarged 
heads. 


Trissolcus. A large cosmopolitan genus with proba- 
bly about 30 species in Costa Rica, although fewer 
have been recorded. Johnson (1985a & b) has revised 
some species groups. Biology: known hosts of species 
of this genus are the eggs of Pentatomidae. 


Diagnosis. Body usually 1.0 to 2.0 mm long, rarely 
as small as 0.7 mm or as large as 4.0 mm; predomi- 
nantly black or dark brown, rarely light yellow (only 
in Leptacis and Parabaeus, which occur at altitudes 
below 800 m), never metallic; often distinctly 
sculptured, especially on head and dorsum of meso- 
soma. Brachypterous or wingless forms exceedingly 
rare. Antenna attached immediately above upper margin 
of clypeus, usually 10-segmented (rarely 9, 8, or 7) dis- 
tinctly geniculate, with long scape, and typical second 
bend between funicle and clava; female antenna always 
clavate, male mostly thread-like (less commonly 
clavate) with segment 4 (rarely 3) modified; palpi 
strongly reduced, maxillary 2- or 1-segmented, labial 


Fig. 9.68. Inostemma sp. (Platygastridae). 


always 1-segmented. Fore wing usually veinless, or if 
submarginal vein present then not reaching anterior 
margin of wing; marginal, postmarginal, and stigmal veins 
absent; hind wing at most with short stub of submar- 
ginal vein. Metasoma beyond segment I often 
depressed dorsoventrally; however, in some members 
moderately to strongly compressed laterally, in 
females often tail-like; in all members with segment II 
distinctly the longest and widest; females almost always 
with only six apparent tergites, metasomal tergite VII 
(apical tergite) internal, considerably unpigmented 
and reduced, hidden under tergite VI and not 
extruded with ovipositor, without cerci or sensory 
plates with bristles; males with eight visible tergites. 


Classification and distribution. Although platy- 
gastrids occur worldwide and are very common, the 
group remains one of the most poorly studied families 
of Hymenoptera. It is difficult to even estimate the 
number of species in the family, but it is certainly a 
large group. There are approximately 60 genera, 
which are now classified in two subfamilies, 
Sceliotrachelinae and Platygastrinae (Masner & 
Huggert, 1989). The previously recognized subfamily 
Inostemmatinae (e.g. Krombein et al., 1979; Gauld & 
Bolton, 1988), which was distinguished primarily by 
the presence of a submarginal vein, has been shown 
to be a heterogeneous assemblage. 


Biology. The biology of Platygastridae differs between 
the two subfamilies. Many species of Sceliotrachelinae 
develop similarly to Scelionidae, as endoparasitic idio- 
bionts in the eggs of beetles or Fulgoroidea 
(Homoptera). Others are endoparasitic koinobionts in 
immobile ('egg-like') hosts, such as the immature stages 
of Coccoidea or Aleyrodidae (Homoptera). Most 
members of this subfamily are probably solitary, but a 
few are known to be gregarious. For example, 1 to 22 
individuals of the holarctic species, Allotropa burrelli, 
develop in a single mealybug (Clancy, 1944). This 
species oviposits into the haemocoel of the mealybug 
nymph. The developing parasitoid embryo, which is 
surrounded by a syncytial trophamnion (see below), 
becomes associated with fat bodies from which it appar- 
ently absorbs nutrients prior to eclosion. The larva is 
more or less hymenopteriform with a single pair of spir- 
acles on segment I and fine pointed mandibles. There is 
a single larval instar. When fully grown the larva forms 


a parchment-like cocoon within the host (Clancy, 
1944). 

The majority of species of the second subfamily, 
the Platygastrinae, are endoparasitic koinobionts 


of Cecidomyiidae, particularly the  gall-forming 
cecidomyiids. In this subfamily oviposition is into the 
egg or early instar larva, but development is not com- 
pleted until the host larva has become fully grown. 
Within the host egg, the platygastrid egg is located in 
a particular region of the embryo. For example, eggs 
of Inostemma boscii are found in the brain and those of 
Trichacis remulus in the posterior portion of the host 
nerve cord (Marchal, 1906; Myers, 1927). Platygaster 
zosine oviposits into the mid intestine, and its eggs fail 
to develop elsewhere. Most other species of Platygaster 
place the egg anywhere in the host body cavity 
(Clausen, 1940b). 

The development of the European Platygaster virgo 
and the North American P. herrickii have been studied 
in some detail (M.C. Day, unpublished; Hill & Emery, 
1937). Both are solitary parasitoids although in the 
latter, two or three individuals occasionally develop in 
a single host. The parasitoid egg lies free in the host 
haemocoel, and embryological development takes 
place concurrently with that of the host. The platy- 
gastrine egg develops by a series of nuclear divisions; 
cell walls develop between the central nuclei, but the 
outer layer of cytoplasm and its nuclei become sep- 
arated from the underlying cells and form a syncytial 
trophamnion. This structure, as its name implies, sur- 
rounds the contained embryo, and its outer surface is 
covered with microvilli; this form of embryological 
development seems to be a characteristic of all platy- 
gastrids. The trophamnion is essential to the growth 
of the embryo, providing it with food materials 
absorbed from the host (Askew, 1971). It disintegrates 
into a number of ‘pseudogerms’ on eclosion of the 
larva and serves a teratocyte function. Other 
‘pseudogerms’, contemporaneous with the eclosed 
larva, may be failed embryos or trophamnionic buds. 
At the time of hatching these ‘pseudogerms’ are 
released into the body cavity of the host where they 
undergo further growth prior to disintegrating and 
serving as food for the developing parasitoid larva. 
The number of ‘pseudogerms’ in a host containing a 
single first instar larva averages about 25 (Hill & 
Emery, 1937). 

It is often stated that several species of 
Platygastridae are polyembryonic. Although this may 


eventually prove to be correct, at the present time 
polyembryony is definitely known to occur only in 
Platygaster zosine, a parasitoid of the hessian fly. The 
confusion perhaps stems from the fact that this species 
has also been treated under the names Polygonotus 
minutus (Marchal, 1904) and Platygaster vernalis (Hill, 
1923; Leiby & Hill, 1924). In P. zosine the tropham- 
nion forms a sheath around the egg, and it grows as 
the egg divides. Eventually each embryo becomes 
enveloped by a piece of the trophamnion. A simple 
type of polyembryony occurs in P. hiemalis, where 
development may be either monoembryonic or by 
‘twinning’ (Leiby & Hill, 1923; Hill, 1926). 

Whilst the first instar larvae of some platygastrids are 
more or less hymenopteriform, those of many species 
are quite extraordinary in appearance and superficially 
resemble cyclopoid copepods, with an inflated 
‘cephalothorax’ carrying large curved mandibles, and a 
slender abdomen that often terminates in a bifurcate 
‘tail’. When fully fed these larvae are extremely bloated 
and ovoid in shape. The exact number of larval instars 
appears to vary from one to three, depending upon the 
species. Most of the developmental time is passed as an 
embryo or larva within the trophamnion. Once the 
larva emerges from the trophamnion it rapidly con- 
sumes its host. The platygastrid generally pupates 
within the larval skin of the cecidomyiid (Parnell, 1963) 
but some gregarious species are known to spin cocoons 
within the host puparium. 

There is relatively little information about the 
biology of the adult stage of Platygastridae. They 
appear to be very good fliers, as evidenced by their 
prevalence in Malaise traps. 


Economic importance. A few species of 
Platygastridae have occasionally been used in classical 
biological control. Allotropa burrelli was introduced 
from Japan to the United States to control the 
Comstock mealybug. The combined activity of this 
species and three encyrtid species resulted in excellent 
reductions of mealybug infestations (Haeussler & 
Clancy, 1944; Clausen, 1978). In Central America an 
undetermined species of Amitus attacks Bemisia tabaci 
(Aleyrodidae), but its effectiveness in reducing whitefly 
populations is unknown. 


Identification. Masner and Huggert (1989) pro- 
vided keys to the world genera previously classified in 
the Inostemmatinae, i.e. Sceliotrachelinae plus those 


Platygastrinae having a submarginal vein. Fouts' 
(1924) key to the genera of Platygastrinae of North 
America is of limited use due to subsequent changes 
in generic concepts and nomenclature. D. Jackson 
(1969) discussed some characters for separating 
genera of the Synopeas-Leptacis complex. 


Key to the subfamilies of Platygastridae 


— Antennal clava of female abrupt, usually 
3-segmented (Fig. 9.69), or subcompact, 
l-segmented; antenna of male either sub- 
clavate, 3-segmented, subcompact 1-seg- 
mented, or thread-like; metasoma with wide 
laterotergites (Fig. 9.71); body often rather 
flattened; apterous forms rare. ....................... 
da HN Sceliotrachelinae (p. 243) 

— Antennal clava of female at most moderately 
abrupt, 4- to 5-segmented (Fig. 9.70), antenna 
of male usually thread-like, rarely clavate; 


metasoma with narrow  laterotergites 
(Figs 9.72, 9.73); body usually elongate; no 
apterous forms. ....... Platygastrinae (p. 245) 


Synopsis of the Costa Rican fauna 


Platygastrids are present in all major habitats, includ- 
ing the highest altitudes, but they are relatively less 
common in dry, open grasslands of the lowlands. Both 
subfamilies occur in Costa Rica where they are repre- 
sented by a total of 23 genera. Three of these genera 
contain over 50 species each, and six more comprise 
between 12 and 50 species. Based on material 
presently available the total number of species present 
in the country appears to be between 450 and 800. 


SCELIOTRACHELINAE 


This is the smaller of the two subfamilies but its 
members are much more diverse, both morphologically 
and biologically, than the Platygastrinae. Presently five 
genera and 26 species are known from Costa Rica, and 
two additional genera are expected to occur in the 
country. All except Amitus have the apex of the submar- 
ginal vein formed into a knob (cf Fig. 9.74). 


Allotropa. A cosmopolitan genus with five species 
in Costa Rica. Biology: parasitoids of mealybugs 
(Pseudococcidae) (Clancy, 1944). 
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Figs 9.69-9.74. Platygastridae. Figs 9.69-9.70. Antenna of female; 9.69, Amitus sp. (Sceliotrachelinae); 9.70, Inostemma sp. 
(Platygastrinae). Figs 9.71-9.73. Head and body, lateral; 9.71, Fidobia sp. (Sceliotrachelinae); 9.72, Inostemma sp. 
(Platygastrinae); 9.73, Synopeas sp. (Platygastrinae). Fig. 9.74. Fore wing, Inostemma sp. (Platygastrinae). 


Amitus. A cosmopolitan genus with five species in 
Costa Rica. Taxonomy: New World species, 
MacGown & Nebeker (1978). Biology: parasitoids of 
whiteflies (Aleyrodidae) (Dowell, 1979; Viggiani & 
Battaglia, 1983b). 


Calomerella®*. A New World genus. Biology 
unknown. 


Fidiobia. A cosmopolitan genus represented by five 
species in Costa Rica. Biology: Fidobia species are 
parasitoids in the eggs of Curculionidae and 
Chrysomelidae (Muesebeck in Krombein et al., 
1979). In Jamaica F. citri has been reared from the 
eggs of the citrus weevil (Exophthalmus spp.). 


Neobia. A New World genus with a single species 
in Costa Rica. Biology unknown. 


Parabaeus. A widespread genus in Africa, 
Australia and the New World, throughout South 
America north to Mexico and Florida. Ten species 
occur in Costa Rica. They are often bright yellow- 
orange and are usually apterous or sometimes fully- 
winged. Biology unknown. 


Platystasius**. A widespread genus known to 
occur in Australia, Europe and the New World. 
Biology: parasitoids in the eggs of Cerambycidae. 


PLATYGASTRINAE 


Although this subfamily is very speciose it is very 
homogeneous in both morphology and biology. All 
species are, as far as known, koinobiont endoparasitoids 
of gall-midges (Cecidomyiidae). Different species seem to 
be associated with particular host plants, or parts of the 
host plant, where the host gall is located. Currently 16 
genera of Platygastrinae are known to be present in 
Costa Rica. These contain the vast majority of the 
species in the family (an estimated 430 species). Genera 
that have a submarginal vein in the fore wing (Fig. 
9.74) and are thus included in Masner and Huggert 
(1989) include: Acerotella, Aceroteta, Inostemma, 
Iphitrachelus, Isostasius, Metaclisis and Orseta. 


Acerotella. A cosmopolitan genus with three 
species in Costa Rica. The nearctic species were 
revised by Masner (19800). 


Aceroteta. A cosmopolitan genus represented in 
Costa Rica by two species. 


Amblyaspis. A large cosmopolitan genus with 
about 25 species in Costa Rica. 


Euxestonotus. A large cosmopolitan genus with 
five species in Costa Rica. 


Inostemma. A cosmopolitan genus with about 15 
species in Costa Rica. Tergite I of female has a 
hump or horn (which sometimes extends over the 
mesosoma) and houses the ovipositor (Fig. 9.72). 
Some species are associated with crop plants as 
primary parasitoids of gall-midges. 


Iphitrachelus. A cosmopolitan genus with five 
rarely collected species in Costa Rica. Several species 
have extremely wide distributions; I. lar, for 
example, is recorded from Europe, North America, 
Mexico, Brazil and Argentina. The nearctic species 
were monographed by Masner (1976c), and a key 
given to the described species of the world. 


Isostasius. A cosmopolitan genus with ten species 
in Costa Rica. 


Leptacis. A very large cosmopolitan genus with 
about 100 species in Costa Rica. 


Metaclisis. A large holarctic and neotropical genus 
with ten species in Costa Rica. In tropical areas 
Metaclisis species seem to be restricted to higher 
altitude sites, from cloud forest up to the paramo. 
The nearctic species were revised by Masner 
(1981). Biology: Roskam (1986). 


Metanopedias. A small cosmopolitan genus with 
five species in Costa Rica. M. brunneipes, which 
occurs from southeastern Canada to Costa Rica, has 
been reared from galls on orchid (Huntleya and 
Zygopetalum) roots in Costa Rica (Jackson & Masner, 
1966). 


Orseta. A small Australian and New World genus 
with two species in Costa Rica. 


Piestopleura. A medium sized cosmopolitan genus 
with ten species in Costa Rica. 


Platygaster. A very large cosmopolitan genus with 
at least 100 species in Costa Rica. These occur in all 
habitats sampled but form a particularly conspicu- 
ous component of the biota from high altitude sites. 
MacGown (1979) has revised some nearctic species. 


Pyrgaspis. A small holarctic genus with two 
species in Costa Rica. 


Synopeas. A very large polytypic cosmopolitan 
genus with approximately 100 species in Costa 


Rica. These occur in all samples examined, from 
all sites, but they are most numerous in samples 
from higher altitudes. The females of many species 
have the second metasomal sternite enlarged and 
pouch-like (Fig. 9.73), serving as a receptacle 
into which the elongate ovipositor can be 
withdrawn. 


Trichacis. A medium-sized cosmopolitan genus 
with about 25 species in Costa Rica. Masner 
(1983c) revised the nearctic species. 


Nigel D. M. Fergusson 


Diagnosis. Most species 1.0 to 5.0 mm in length, or 
up to 30 mm in the relatively rarely collected 
Ibaliidae; usually brown or black in colour; both sexes 
fully winged except in a few Cynipini and Eucoilini. 
Female with 13 antennal segments, male with 14 or 
15 (rarely with 12 to 20 in females and 13 to 16 in 
males). Pronotum reaching the tegulae, frequently 
developed into an anterior plate which may be raised 
off the surrounding pronotal surface; mesosoma in 
profile with scutellum almost as large as propodeum, often 
with scutellum with elaborate sculpture, sometimes 
modified into a spine or a cup. Wing venation reduced 
(Fig. 10.01), fore wing without a pterostigma (although 
two very rare genera, from Australia and Africa, have 
a pseudopterostigma), with a distinctive triangular 
marginal cell (Figs 10.01-10.04). Tarsi 5-segmented. 
Metasoma usually laterally compressed. 


Classification and distribution. The Cynipoidea 
share many similarities (parallelisms—especially 
reduction states) with the other ‘microhymenoptera’ 
(Chalcidoidea and Proctotrupoidea s.!.). However, the 
structure of the cynipoid mesosoma is most similar to 
that of the Proctotrupoidea s.s. (Gibson, 1985, 
1986a). Likewise the cynipoid wing is similar to that 
of certain proctotrupoid families. This similarity in 
venation has been emphasized by the recent discovery 
of fossil cynipoids, the Archaeocynipidae, from very 
early Cretaceous strata (Rasnitsyn & Kovalev, 1988). 
The small and linear pterostigma of these fossils is 
similar to that of Austroserphus and Acanthoserphus 
(Proctotrupoidea s.s.) and suggests that the cynipoids 
lost their (possibly linear) pterostigma by gradual 
reduction. The closed discal cell of the Archaeo- 
cynipidae is particularly reminiscent of the venation 
of the proctotrupoid families Proctotrupidae, 
Heloridae, Roproniidae and Vanhorniidae. Thus it is 
suggested that the Cynipoidea plus at least some of the 


less derived proctotrupoid families had a common 
ancestor. 

The Cynipoidea consists of approximately 2700 
species in 250 genera. In the past the superfamily 
was often subdivided into six families, the Cynipidae, 
Ibaliidae, Liopteridae, Figitidae, Charipidae and 
Eucoilidae (e.g. Quinlan, 1979), but previous 
classifications have tended to upgrade all taxa 
without adequate justification. Fergusson (1990) 
has recently undertaken a phylogenetic reconstruc- 
tion, which provides a very different classification 
that is robustly supported by morphological, 
palaeontological, biogeo- graphical and biological 
evidence. The Cynipoidea is now divided into four 
families (Table 10.1). All except the Asian family 
Himalocynipidae, which comprises a single species 
Himalocynips vigintilis (Yoshimoto, 1970), are repre- 
sented in Costa Rica. 


Family Subfamily Tribe 
Aulacideini! 
Rhoditini! 
Synergini 
Cynipini 


Cynipidae Cynipinae 


Ibaliidae 


Figitidae 


Austrocynipinae! 
Ibaliinae 


Anacharitinae 
Aspicerinae 
Figitinae 


Ibaliini* 
Liopterini 


Charipini 


Eucoilini 
Figitini 


Himalocynipidae! — - 


Table 10.1. The classification of the Cynipoidea 
adopted in the present work. ! — Taxa not represented 
in Costa Rica. 


Figs 10.01-10.07. Cynipoidea. Figs 10.01-10.04. Fore wings; 10.01, Cynipidae; 10.02, Figitidae; 10.03, Ibalia sp. (Ibaliidae: 
Ibaliini); 10.04, Dilyta sp. (Figitidae: Charipini). Figs 10.05-10.07. Posterior part of ventral side of head; 10.05, Melanips sp. 
(Figitidae: Anacharitinae); 10.06, Paramblynotus sp. (Ibaliidae: Liopterini); 10.07, Synergus sp. (Cynipidae). 


Figs 10.08-10.17. Cynipoidea. Fig. 10.08. Pronotum and mesoscutum, lateral, Liopteron sp. (Ibaliidae: Liopterini). Fig. 10.09. 
Mesoscutum, dorsal, Aspicera sp. (Figitidae: Aspicerinae). Figs 10.10-10.13. Mediodorsal part of pronotum, anterior view with 
head removed; 10.10, Anacharis sp. (Figitidae: Anacharitinae); 10.11, Melanips sp. (Figitidae: Figitini); 10.12, Alloxysta sp. 
(Figitidae: Charipini); 10.13, Trybliographa sp. (Figitidae: Eucoilini). Fig. 10.14. Hind tibia, Callaspidia sp. (Figitidae: Aspicerinae). 
Figs 10.15-10.16. Hind leg; 10.15, Plastibalia sp. (Ibaliidae: Liopterini); 10.16, Pseudibalia sp. (Ibaliidae: Liopterini). Fig. 10.17. 
Hind femur, Oberthuerella sp. (Ibaliidae: Liopterini). 


Figs 10.18-10.24. Cynipoidea. Figs 10.18-10.21. Scutellum, dorsal; 10.18, Callaspidia sp. (Figitidae: Aspicerinae); 10.19, 
Xyalophora sp. (Figitidae: Figitini); 10.20, Trybliographa sp. (Figitidae: Eucoilini); 10.21, Kleidotoma sp. (Figitidae: Eucoilini). Fig. 
10.22. Depressed area on tergite IX, Biorhiza sp. (Cynipidae). Figs 10.23-10.24. Anterior part of metasoma, lateral; 10.23, 
Kiefferiella sp. (Ibaliidae: Liopterini); 10.24, Liopteron sp. (Ibaliidae: Liopterini). 


Biology. The Cynipoidea is perhaps best known for 
the gall-wasps that induce galls, especially on oaks. 
However, most cynipoid species are parasitoids of 
Diptera while a few are parasitoids of Neuroptera and 
Homoptera (Aphidoidea and Psylloidea). The para- 
sitic cynipoids are all koinobiont endoparasitoids, 
with a final instar larva that emerges from the host 
to finish feeding. It pupates, without forming a 
cocoon, still within the host’s puparium (or cocoon 
or aphid mummy), from which the adult chews its 


way out. Nearly all cynipoids are solitary parasitoids; 
most are primary parasitoids except for those 
attacking Homoptera (the Charipini), which are 
hyperparasitoids through hymenopterous primary 
parasitoids. 

The typical cynipoid egg has an elongate body and 
is pedunculate (stalked), with a peduncle that is often 
longer than the body of the egg. The larval instars of 
the gall-wasps are hymenopteriform but the larvae of 
the parasitoid forms undergo hypermetamorphosis, 
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Figs 10.25-10.28. Cynipoidea, metasoma; 10.25, Synergus sp. (Cynipidae: Synergini); 10.26, Aspicera sp. (Figitidae: 
Aspicerinae); 10.27, Diplolepis (Cynipidae: Rhoditini); 10.28, Neuroterus (Cynipidae: Cynipini). 


the first instar larva often being strikingly different 
from the hymenopteriform larva of later instars. For 
example, the first instar may have thoracic processes 
and a long tail, but in later larval stages the 
appendages and tail first shorten and then disappear. 
The pupa is exarate. 


Identification. The literature on the Cynipoidea is 
mostly in the form of small papers, the only compre- 
hensive works being those of Dalla Torre and Kieffer 
(1910), which is very out of date, and Weld (1952). 
The most recent attempts to classify and key major 
groups are based on the European or Afrotropical 
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Figs 10.29-10.31. Metasoma showing position of ovipositor (dotted line); 10.29, Ibalia sp. (Ibaliidae: Ibaliini); 10.30, 
Liopterini (Ibaliidae); 10.31, hypothesized ancestral state found in Cynipidae and Figitidae. 


fauna (Eady & Quinlan, 1963; Quinlan, 1978, 1979, 
1986, 1988; Fergusson, 1986, 1988, 1990). The lit- 
erature on neotropical species is limited and mainly 
concerns species from south of the equator (e.g. 
Houard, 1933; Diaz, 1973, 1978, 1980, 1981, 1984, 
1988; Loiacono & Diaz, 1977; De Santis, 1980). Until 
now little was known of the Costa Rican fauna. 

The families of Cynipoidea occurring in the New 
World can be separated with the following key. It 
should be noted that the venation character in the 
second couplet is of great phylogenetic significance, and 
thus is frequently used in keys to the Cynipoidea, 
despite the fact that it is a subtle and difficult character. 


Key to the New World families of the 

Cynipoidea 

l Mesoscutum with rough sculpture (rugose, fove- 
olate, or striate) (Fig. 10.08), and with strong 
transverse ridges; ovipositor looped in a com- 
plete circle within the metasoma (Figs 10.29, 
10.30); large wasps, 5 to 30 mm, usually over 
10 mm; largest segment of the metasoma, in 
lateral view, the fourth, fifth, or sixth 
(Figs 10.29, 10.30). 

[Very rarely collected.] .... Ibaliidae (p. 256) 

—  Mesoscutum smooth or with light sculpture, 
without strong transverse ridges; ovipositor 
not forming a complete loop (Fig. 10.31); 
small wasps, 1 to 6 mm, usually under 4 mm; 
largest segment of the metasoma, in lateral 
view, the second or third (Figs 10.27, 10.28).. 


Pestsesssesusésttsotosteoonneooosevososeoveceeeceooeensnsoseseeececceceson 


2 Fore wing with innermost (proximal) trace of 
vein Rs+M ‘pointing’ to a point midway down 
distal part of Rs+M (Fig. 10.01); tergite IX of 
metasoma with depressed area on posterior 
margin (Fig. 10.22); female with the largest 
tergite either the second (Fig. 10.28), or the 
second and third fused (Fig. 10.25); mesosoma 
usually sculptured. 

[In Central America collected only where 
oak trees are present.]...... Cynipidae (p. 253) 

— Fore wing with innermost (proximal) trace of 
vein Rs+M ‘pointing’ to the junction of Rs+M 
with M+Cu (Fig. 10.02); tergite IX of meta- 
soma without depressed area; female fre- 
quently with the third metasomal tergite the 


largest, sometimes the second; mesosoma 
usually smooth and shiny. 

[The most commonly collected family.] ....... 
S AN M eon Figitidae (p. 259) 


Nigel D. M. Fergusson and Paul E. Hanson 


Diagnosis. Except for the inquilines (see below), the 
hypostomes are not fused into a bridge under the 
foramen magnum and the lateral pronotal carinae 
(part of the pronotal plate) are absent. Mesosoma 
usually sculptured (except in the genus Neuroterus). 
Fore wing with proximal trace of Rs+M ‘pointing’ to a 
point midway down the distal part of Rs-- M (Fig. 10.01). 
Mid and hind tibiae with two spurs. Metasoma only 
rarely with a ring of pubescence on tergite II; largest 
tergite (at least in females) either tergite II or tergites 
I+II fused; tergite IX with a small depressed area; 
hypopygium usually developed into a spine 
(Figs 10.27, 10.28). 


Classification and distribution. Worldwide the 
Cynipidae comprises nearly 100 genera and over 
1000 species. The majority of these taxa occur in the 
Holarctic region, although about ten genera have 
been recorded from South America. The single cynipid 
subfamily (Cynipinae) is subdivided into four tribes: 
Aulacideini, Rhoditini, Synergini and Cynipini. It is 
possible that all four tribes occur in northern 
Mesoamerica, but only the last two have been found 
in Costa Rica. 

The Aulacideini and Rhoditini are small groups, 
present primarily in the Old World and North 
America. The least derived group, the tribe 
Aulacideini, have the pronotum long (in dorsal view), 
the metasoma with all tergites more or less the same 
size, and hypopygium simple. They form simple, often 
stem-galls, on a wide range of plants, although each 
species is specific to a particular genus or species of 
plant. In North America they form galls on 
Compositae and Rubus (Rosaceae). Members of the 
tribe Rhoditini have a short pronotum and a special- 
ized ploughshare-like hypopygium (Fig. 10.27). This 
tribe is represented in the Holarctic region by 
Diplolepis, which forms galls on Rosa (Rosaceae) (e.g. 
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Fig. 10.32. Callirhytis sp. (Cynipidae: Cynipini), asexual generation, reared from acorn of Quercus costaricensis. 


Shorthouse, 1982; Bronner, 1985), and in South 
America by Eschatocerus, which forms galls on Acacia 
and Prosopis (Leguminosae) (Diaz, 1981). 

The Cynipini is by far the largest tribe in the family 
and includes about 75 to 80 percent of the known 
species. Like the Rhoditini, members of the Cynipini 
have a very short pronotum in dorsal view (median 
length less than 1/7 the lateral height), but unlike the 
Rhoditini the hypopygium is modified into a long 
spine with ventral hairs (Fig. 10.28). Many species 
form complex galls, and most have complex life cycles 
(see below). Nearly all species are restricted to attack- 
ing the family Fagaceae, especially oaks (Quercus), 
although some undescribed species in southern South 
America occur in galls on Nothofagus species (I. Gauld, 
pers. comm.). 

The Synergini are morphologically derived. Their 
fused hypostomes (Fig. 10.07) and the presence of 
pronotal carinae (part of the pronotal plate) are 


similar to those of the Figitidae (an example of conver- 
gence). The maxillary palps are reduced to four seg- 
ments and the metasoma usually appears to consist of 
a single syntergite (tergites II and III fused, with the 
remaining tergites partially hidden—Fig. 10.25). The 
Synergini is a very specialized tribe consisting entirely 
of gall inquilines (see Chapter 2.3); the majority are 
associated with galls formed by Cynipini. 


Biology. The female gall-wasp oviposits into the 
host plant, and the plant reacts to larval secretions, 
producing a gall. Each species of gall-wasp places its 
egg in a precise location and each induces a specific 
type of gall. Thus species of cynipids can often be 
identified by their gall. The most actively growing 
tissues are usually selected as oviposition sites, and 
galls may be formed on buds, leaves, flowers, fruits, 
young stems and roots. An individual gall may be 
unilocular (monothalamous), i.e. contain a single 


larval chamber or, where several eggs are laid 
together, the galls may unite into a plurilocular (poly- 
thalamous) gall consisting of several chambers, with 
each chamber containing a larva. The grub-like larva 
of the gall-wasp feeds on the tissue surrounding the 
larval chamber, the ‘nutritive zone’, which is rich in 
nitrogenous compounds (Roth, 1949; Hough, 1953a- 
c). It is possible that the larva manipulates nitrogen 
levels to its own advantage (Hartley & Lawton, 1992). 

Gall structure peripheral to the nutritive zone 
varies considerably between species. In addition to the 
distinction between unilocular versus plurilocular, it 
is convenient to distinguish galls that are readily sep- 
arable (‘detachable’) from the plant tissue versus those 
that are not (‘integral’ galls) (e.g. Weld, 1957, 1959, 
1960). Bud galls are often hidden within the bud 
scales and not visible without dissection. Stem galls 
may be minute, unilocular cells buried in the twig 
(usually not noticeable until the adult wasp chews its 
way out), large plurilocular swellings of branches, or 
detachable spheres (usually about 1 cm in diameter). 
Leaf galls range from unilocular cells buried in the leaf 
tissue with little swelling, to plurilocular swellings, to 
detachable, spherical or disc-shaped (‘spangle’) galls. 
In some cases the gall is naturally dehiscent—i.e. it 
naturally detaches from the plant and falls to the 
ground. The outer surface of leaf galls varies from 
smooth to hairy or spiny, depending on the species. In 
some cases there is a fairly extensive fibrous layer 
located between the outer surface and the larval 
chamber. Some of these features are presumed to be 
adaptations to hinder attack by parasitoids (Askew, 
1984). A few cynipid galls, especially detachable stem 
galls, secrete ‘honeydew’ that attracts ants, and at 
least some of the ant species attracted to the gall may 
show aggressive behaviour toward parasitoids (Weld, 
1925; Washburn, 1984; Abe, 1988). 

Most Cynipini show an alternation of generations 
(heterogony), a sexual generation of males and 
females alternating with a female-only generation (the 
agamic or asexual generation) (Folliot, 1964; Askew, 
1984). This life cycle involves two types of females 
which differ considerably in their morphology and in 
the structure of the gall they cause. The two genera- 
tions of the same species are often described as differ- 
ent species, sometimes in different genera. There is 
usually one sexual generation and one asexual gener- 
ation per year. The sexual generation (often in bud 
galls) usually develop quickly, generally in just a few 


weeks, while the asexual generation develops more 
slowly, the cynipids remaining in the gall for several 
months to more than a year. The eggs laid by females 
of the asexual generation, which are always unfertil- 
ized, give rise to males and females of the sexual gen- 
eration. Some species have two types of asexual 
females, ‘androphores’ which lay mostly male eggs, 
and ‘gynephores’ which lay mostly female eggs 
(Askew, 1984). Because of this complexity, the com- 
plete life cycles are known for very few species, even 
in the north Temperate zone where they have been 
better studied. The life cycles of Central American gall 
wasps remain totally unstudied. 

Species of Cynipini are quite host specific. Although 
a particular species may form galls on more than one 
species of oak, they are usually restricted to just one 
subgenus of oaks. Local differences in cynipine species- 
richness between oak species are probably due to dif- 
ferences in regional richness—i.e. the number of 
cynipine species that the oak hosts over its entire 
range (Cornell, 1986). Individual plants belonging to 
the same species often vary from having virtually no 
galls present, to having extremely high densities of 
galls. This probably reflects chemical, structural and 
phenological differences between individual trees 
(Askew, 1962; Rosenthal & Koehler, 1971; Ejlersen, 
1978). Secondary plant compounds probably have 
little detrimental effect since the larvae feed on nutri- 
tive tissue. In fact the reverse may be true—cynipids 
apparently prefer plants with high levels of tannins 
(Taper & Case, 1987). In the only manipulative study 
done to date, one species of gall wasp showed a nega- 
tive correlation between survivorship and gall nitro- 
gen content (Hartley & Lawton, 1992), 

Species of Synergini do not form galls of their own, 
but are inquilines in the developing galls of other 
species (mostly in galls of Cynipini). These inquilines 
exploit the larval food supply of a gall-forming species 
and this competition may or may not result in the 
death of the original gall-former. Synergini were prob- 
ably once gall-forming species, but they have become 
dependent on other gall-formers. A given species of 
inquiline is predominantly associated with a particular 
type of gall and is often quite specific with respect to 
host plant (Askew, 1984), although the reason for 
this remains unknown. Although they are incapable 
of initiating their own gall, some produce 
modifications in the structure of the host gall. Several 
inquilines may develop in one gall, and sometimes of 
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more than one species. Interestingly, some bivoltine 
species of Synergus show generational dimorphism 
(individuals of the two generations differ morphologi- 
cally), although thev do not necessarily attack both 
generations of the same host species (Askew, 1984). 

Finally, it should be noted that not all inquiline 
cynipids belong to the Synergini: Myrtopsen mimosae 
(Cynipini) is an inquiline in galls of Tanaostigmodes 
albiclavis (Tanaostigmatidae) on Mimosa biuncifera 
(Leguminosae) in the arid areas of the southwestern 
United States and adjoining Mexico. Four species 
occur in southern South America where they have 
been reared from galls on Myrtaceae (Blepharocalyx 
and Eugenia (Diaz, 1975). Species of the endemic 
Australian genus, Thrasorus, are inquilines in ptero- 
malid galls on Acacia (Leguminosae) and Eucalyptus 
(Myrtaceae) (Weld, 1952). 


Identification. Alpha-level taxonomy of Cynipidae 
is in a very undeveloped state, particularly in the 
Cynipini, where the alternation of generations poses 
an impediment not encountered in other microhy- 
menopteran groups. Careful field studies and/or exper- 
iments with caged plants are required to match the 
two generations of one species. Identification of North 
American taxa is more or less possible using Weld 
(1957, 1959, 1960), although the alternate genera- 
tion remains unknown in most species. Many species 
of Synergini (i.e. Synergus) are also difficult to identify, 
even in the Holarctic region where taxonomic studies 
are available (Wiebes-Rijks, 1979). Although Kinsey’s 
(1930) treatise included many Mexican species, the 
cynipid fauna of Central and South America has 
received very little attention, except for the publica- 
tions mentioned above at the start of this chapter. The 
following couplet separates the two tribes occurring in 
Central America. 


Key to tribes of Cynipidae present in Costa Rica 


— Pronotum long, in dorsal view median dorsal 
length greater than 15 percent of its lateral 
length. 

[Nearly all Central American specimens are 
Synergus, a genus characterized by having 
metasomal tergite I (petiole) in the form of a 
short ring that is longitudinally ridged 
A eae Synergini 


10 The cynipoid families 


— Pronotum short, in dorsal view median dorsal 
length less than 15 percent of its greatest 
lateral length; petiole not longitudinally 
ridged. co. Cynipini 


Synopsis of the Costa Rican taxa 


In Costa Rica there are twelve species of oaks (Burger, 
1977), six in the subgenus Leucobalanus (‘white oaks’) 
and six in the subgenus Erythrobalanus (‘red oaks’). 
On Cerro de la Muerte at an altitude between 2500 
and 3000 metres, there are two common species, one 
white oak (Q. copeyensis) and one red oak (Q. costari- 
censis), and these two oak species do not have any 
gall-wasps in common. The former appears to have, 
by North American standards, a ‘normal number’ of 
gall wasps — perhaps as many as 15 species (= 30 
types of galls), whereas Q. costaricensis appears to have 
slightly fewer (perhaps 5 to 10 species). In Costa Rica 
most oaks occur at mid to high altitudes (above 1200 
m) in cool, wet forests, but O. oleoides is exceptional in 
that it grows in the dry lowlands of northwestern 
Costa Rica. This latter oak species appears to be very 
depauperate in gall wasps and considerable searching 
efforts have revealed only two species of Cynipini, 
which contradicts the hypothesis that species-richness 
of gall-formers increases in hotter, drier sites 
(Fernandes & Price, 1988). 

About half of all cynipid specimens collected in 
Costa Rica are inquilines (Synergini), and all of these 
belong to the genus Synergus. Genera of Cynipini 
collected thus far include Andricus, Callirhytis, 
Disholcaspis, Dryocosmus and Neuroterus. 


10.2, IBALIIDAE mee’ 
Nigel D. M. Fergusson 


Diagnosis. Large (4.5 to 30.0 mm), coarsely sculp- 
tured, uncommon cynipoids. Face normally with a 
weak central ridge; hypostomal region set in a cavity 
(Fig. 10.06). Pronotum often with a dorsal tooth (Fig. 
10.08). Last tergite of metasoma with a slightly 
upturned end; ovipositor very long, about 1.5 times 
the body length, coiled in a full circle inside the meta- 
soma (Figs 10.29, 10.30). The presence of the coiled 
ovipositor tends to cause an expansion of the posterior 


10.2 


Fig. 10.33. Paramblynotus sp. (Ibaliidae: Liopterini). 


tergites such that, in lateral view, the apical tergites are 
the longest. 


Classification and distribution. The Ibaliidae is 
cosmopolitan, but very infrequently collected. It com- 
prises approximately 100 species and 13 genera 
placed in two subfamilies: Austrocynipinae (with a 
single aberrant species from Australia; Riek, 1971) 
and Ibaliinae (cosmopolitan). The subfamily Ibaliinae 
is divided into two tribes, Ibaliini and Liopterini, but 
only the latter is known to occur in Costa Rica. 

The Ibaliini comprises two genera, of which one, 
Ibalia, occurs in the New World. This is a primarily 
holarctic taxon and most species are associated with 
coniferous forests. In the New World one species, I. 
ruficollis, has a range that extends southwards into 


Mexico and it is possible that it could occur as far 
south as the natural distribution of Pinaceae, i.e. 
northern Nicaragua. Such a species may eventually 
naturally spread south onto introduced pines in 
Costa Rica. Ibalia is easily recognized by its laterally 
compressed and blade-like metasoma, and the 
very elongate marginal cell in the fore wing 
(Fig. 10.03). 

The remaining genera of the family are placed in 
the tribe Liopterini. Traditionally this group has been 
treated as a family (‘Liopteridae’) and the genera were 
placed in three  subfamilies— Oberthuerellinae', 
“Mesocynipinae' and ‘Liopterinae’. However, these are 
not retained because only the genera related to 
Oberthuerella form a holophyletic group, the other two 
are paraphyletic assemblages (Fergusson, 1990). The 
Liopterini are principally a circumtropical group with 


isolated species in Australia, eastern Asia and North 
America. The Oberthuerella genus-group is limited to 
the Afrotropical region while five genera occur in the 
New World: Kiefferiella, Liopteron, Paramblynotus, 
Plastibalia, and Pseudibalia. Species of all are extraordi- 
narily rare in collections. 


Biology. The single species of Austrocynipinae has 
been reared from conifer (Araucariaceae) seeds_in 
Australia, but its biology is unknown (Riek, 1971). 
Except for Ibalia, the biology of Ibaliinae is not well 
known either. The available data indicate that 
Ibaliinae are koinobiont endoparasitoids of wood- 
boring insects. Ibalia species oviposit into the develop- 
ing eggs or young larvae of Siricoidea (Siricidae and 
Anaxyelidae), and emerge from a more fully grown 
larva (Cameron, 1965; Burks in Krombein et al., 
1979). In Argentina Paramblynotus zonatus has been 
reported attacking a larva of the cerambycid genus 
Oncideres boring in Nectandra sp. (Lauraceae) (Diaz, 
1973). In Costa Rica, a species of Liopteron was 
observed examining a fallen branch of Pentaclethra 
macroloba (Leguminosae) (H. Hespenheide, pers. 
comm.). 

In Ibalia oviposition occurs via the oviposition shaft 
of the siricoid host and into the haemocoel of the host 
embryo or larva. Hosts parasitized by Ibalia burrow 
closer to the surface than unparasitized hosts. These 
wood-probing parasitoids tend to have a low popula- 
tion density and to develop slowly, with life cycles of 
up to four years. 


Identification. Identification of the genera is poss- 
ible using Weld (1952). Kerrich (1973) provided a key 
to some Ibalia species and a useful bibliography of 
both systematic and biological studies. Fergusson 
(1988) described the morphology of Ibalia. Hedicke 
and Kerrich (1940) revised the species of Liopteron, 
Plastibalia and Pseudibalia. 


Key to the New World genera of Liopterini 


1  Petiole not or scarcely longer than broad, 
attached to remainder of metasoma horizon- 
tally (Fig. 10:23). eme 2 
— Petiole at least twice as long as medially broad 
and attached to remainder of metasoma tan- 
gentially to its dorsal curvature (Fig. 10.24).... 


2 “Petiole smooth, without obvious sculpture; meta- 
soma, in dorsal view with tergites IV and V of 
similarleng thina. n roce io Kiefferiella! 

—  Petiole with coarse parallel longitudinal rugae; 
metasoma, in dorsal view, with tergite IV 
about 0.5 times as long as tergite V. ............... 
B EDITT e CORES Paramblynotus 


3 Female hind tarsus without blunt spur (apical 
prolongation) on outer side of segment 1 or 2. 

ME Iesv MEMOIRE Liopteron 

— Female hind tarsus with a blunt spur (apical pro- 
longation) on outer side of segment 1 or 2 


(ues LOIS PP OI 4 
4 Spur present on second segment of hind tarsus 
DIEN a coccion ascos casas Plastibalia* 
— Spur present on first segment of hind tarsus 
EONO). A TTC S Pseudibalia®* 


! Genera neither recorded nor thought likely to occur 
in Costa Rica. 


Synopsis of the Costa Rican fauna 


Only two genera of Liopterini have been found to 
occur in Costa Rica. Pseudibalia could occur in the 
country, Kiefferiella occurs in the United States and 
Plastibalia is known from the Amazon Basin. 


Liopteron. This genus comprises about 30 
described species, most of which are known from 
isolated specimens collected by H.W. Bates during 
his trips along the Amazon. A few species occur as 
far north as Mexico. One species, that appears to be 
L. brasiliensis, has been collected on the Atlantic 
lowland plain of Costa Rica at 100 metres, and L. 
westwoodii has been collected in humid forest at an 
altitude of about 1600 metres. L. tarsale is reported 
to occur in Mexico and Brazil, and therefore may 
also be present in Costa Rica. 


Paramblynotus. This genus comprises about ten 
species, most of which occur in the lowland south- 
east Asian forests, but isolated species are present in 
Africa and the New World. One species, 
Paramblynotus zonatus, is widely distributed through- 
out the Americas, from Texas south to southern 


Brazil and northern Argentina. Very occasionally 
individuals of this have been collected in the season- 
ally dry lowland forests of northwestern Costa Rica. 


Pseudibalia®*. A genus comprising two species, 
one from Mexico and a second from the Amazon 
basin of Brazil (Hedicke & Kerrich, 1940). Both 
have been collected only extremely infrequently. 


Nigel D. M. Fergusson 


Diagnosis. 
fused hypostomal bridge (Fig. 10.05), the line of 


Back of head with a flat, completely 


10.3 Figitidae == > 


fusion may or may not be visible. Pronotum with at 
least a trace of lateral carinae (Fig. 10.12), but in 
most species these carinae form part of a raised ante- 
rior pronotal plate (Figs 10.10, 10.11, 10.13); meso- 
soma usually smooth and shiny. Fore wing with vein 
Rs+M ‘pointing’ at junction of Rs+M with M+Cu (Fig. 
10.02). Metasomal tergite II in lateral view normally 
shorter than MI. 


Classification and distribution. The cosmopoli- 
tan Figitidae, comprising approximately 110 genera 
and 1500 species, is the most species-rich and abun- 
dant cynipoid family. However, relatively few taxo- 
nomic studies have been undertaken on the diverse 
tropical fauna and very many species await 
description. 


NUN AN 
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Fig. 10.34. Ganaspis sp. (Figitidae: Eucoilini). 


Previously the taxa comprising this family were 
often treated as three separate families— Figitidae', 
‘Eucoilidae’, and 'Charipidae —but a detailed morpho- 
logical study and a cladistic analysis of the results indi- 
cate that such taxonomic ranking can no longer be 
justified (Fergusson, 1990). The family Figitidae is now 
divided into three. subfamilies: — Anacharitinae, 
Aspicerinae, and Figitinae. The last of these subfamilies 
comprises three tribes: Figitini, Charipini and Eucoilini. 


Key to subfamilies and tribes of Figitidae 


l Pronotal carina complete (Fig. 10.10), continu- 
ously distinct from ventral region on one side 
across dorsum to ventral region on other side; 
claws with a fine basal spine; petiole with a 
collar ventrally and laterally but not dorsally. 
UU RET oos: Anacharitinae (p. 260) 

—  Pronotal carina indistinct (Fig. 10.12), or with a 
lateral gap (Fig. 10.11), or present only as a 
developed dorsal plate (Fig. 10.13); claws 
without a fine basal spine; if petiole with a 
collar then it has a dorsal element. ............... 2 


2  Metasoma with tergite II saddle-shaped, with 
postero-lateral margin concave and central 
part almost tongue-like (Fig. 10.26); scutellum 
with three strong carinae (Fig. 10.18); hind 
tibia usually with a strong longitudinal ridge. . 
REE CETTE. Aspicerinae (p. 261) 

—  Metasoma with tergite II not saddle-shaped, its 
postero-lateral margin slightly to strongly 


convex; scutellum without three strong 
carinae (Figs. 10.19-10.21); hind tibia 
without a longitudinal ridge, or with a weak 
ILA SEN entere ee TNR [Figitinae]..... 3 


3 Scutellum with an oval or tear-drop shaped, ele- 
vatediplate (Figs 1O!20 MOL 10:57)... 
COO GEORG CE CAREER CERE Eucoilini (p. 262) 
— Scutellum without an elevated plate. ............... 4 


4 . Pronotal carinae indistinct (Fig. 10.12); mesos- 
cutum and scutellum smooth and shiny; veins 
restricted to the antero-proximal quarter of 
wing (Fig. 10.04); very small insects, 1.0 to 
DADOS: ...... eere Charipini (p. 261) 

— Pronotal carinae distinct (Fig. 10.10, 10.11); 
mesoscutum and scutellum never completely 
smooth; veins not restricted to the antero- 


proximal quarter of wing (Fig. 10.02); usually 
larger than 2.0 mm. ............ Figitini (p. 264) 


ANACHARITINAE 


A cosmopolitan subfamily with at least twelve cur- 
rently recognized widespread genera. Five occur in the 
Neotropical region and three of these are known to 
occur in Costa Rica; the other genera not represented 
in Costa Rica, are Aegilips and Calofigites which occur 
in southern South America. Anacharitines are koino- 
biont endoparasitoids of the larvae of Hemerobiidae 
(Neuroptera). In at least one species the female wasp 
oviposits.in late second or early third instar host 
larvae (Miller & Lambdin, 1985; Cave & Miller, 1987). 
When the parasitoid reaches the third instar and the 
host has spun its cocoon, the anacharitine larva 
emerges from the host and feeds externally. During 
this time it increases notably in size, and then thrusts 
the apex of its abdomen through the host's cocoon to 
void the gut contents. The final instar larva of 
Anacharis has well-developed, tridentate mandibles, 
and the second to ninth body segments support paired 
conical, fleshy projections. The anacharitine pupates 
within the host cocoon, and after emerging from its 
pupa the adult remains within its host's cocoon for a 
few days. 


Key to genera of Anacharitinae present in 
Costa Rica 


1  Méesoscutum coarsely reticulate; apex of scutel- 
lum with very long, sharp spine; fore wing 
with marginal cell anteriorly open, not 
bounded by pigmented R1. ....... Acanthaegilips 

—  Mesoscutum not coarsely reticulate; apex of 
scutellum with a blunt spine or with no spine; 
fore wing with marginal cell bounded by pig- 
mented vein Ri antenmonly. eS D 


2 Apex of scutellum with a blunt spine. ... Xylaspis 
— Scutellum without a spine. .................. Anacharis 


Synopsis of Costa Rican genera of 
Anacharitinae 


Acanthaegilips. A neotropical genus with one or 
two Costa Rican species occurring in moist sites at 
altitudes between 1000 and 2100 metres. 


Anacharis. A cosmopolitan genus with two or 
three Costa Rican species occurring in humid sites 
between 1000 and 3000 metres. 


Xylaspis. A holarctic genus that, in the New 
World, apparently reaches the southern limit of its 
distribution in Costa Rica where one or two species 
have been found in various sites from near sea-level 
to over 3000 metres. One species is occasionally 
collected in seasonally dry sites. 


ASPICERINAE 


This subfamily consists of eight genera two of which 
occur in Costa Rica. As far as is known aspicerines are 
parasitoids of syrphid dipteran larvae. Species of the 
holarctic genera Callaspidea and Omalaspis have been 
reared from larvae of aphidophagous syrphids (see 
Fergusson, 1986), and a species of the neotropical 
genus Balna is here reported for the first time from an 
unidentified syrphid larva, which was preying on scale 
insects on citrus (P. Hanson, pers. comm.). Although 
detailed information is available only for Callaspidea, 
presumably all aspicerines are koinobiont endopara- 
sitoids. The syrphid host is located via olfactory cues 
given off by the aphid colonies on which they prey. 
The female wasp temporarily paralyses a second or 
third instar host larva by stinging it, and then places 
an egg in the cerebral ganglion (Rotheray, 1979), thus 
avoiding any encapsulation response by the host. The 
adult parasitoid emerges from the syrphid puparium. 


Key to genera of Aspicerinae present in 

Costa Rica 

—  Mesoscutum with a vertical protuberance; fore 
wing with veins normally pigmented; apex of 
scutellum pointed but without a long spine. 

—  Mesoscutum without a vertical protuberance; 
fore wing with veins very pale; scutellum with 
a very long apical spine. ................ Prosapicera 


Synopsis of Costa Rican genera of 
Aspicerinae 


Five genera are present in the New World, one possi- 
bly as an inadvertent introduction (Burks in Krombein 
et al., 1979), and two of these occur in Costa Rica. 


Balna. A neotropical genus that in Costa Rica is 
known only from two specimens collected in some- 
what dry, disturbed vegetation west of San José, at 
1000 metres. 


Prosapicera. A New World genus that in Costa 
Rica is known from a few specimens collected in 
wet lowland to mid altitude forests between 200 
and 2200 metres. Keys to species of Prosapicera 
were provided by Diaz (1984). 


FIGITINAE 


This cosmopolitan subfamily comprises three tribes, 
the Charipini, Figitini, and Eucoilini, all of which 
occur in the Neotropical region and all of which occur 
in Costa Rica. Biologically these are rather diverse 
groups, so they are discussed below separately. 


FIGITINAE: Charipini. This tribe, although highly 
derived, is defined by size related loss of characters 
(e.g. loss of sculpture). It was previously divided into 
two subgroups (‘Alloxystinae’ and ‘Charipinae’) but 
recent analysis (Fergusson, 1990) shows that this 
cannot be substantiated. Worldwide there are about 
200 species of charipines in five genera (Menke & 
Evenhuis, 1991): Alloxysta (cosmopolitan), Apocharips 
(Fergusson, 1986; Old World and Costa Rica), Dilyta 
(Holarctic and Africa), Lytoxysta (North America), and 
Phaenoglyphus (Holarctic). Most species belong to the 
genus Alloxysta and some, such as A. victrix, are very 
widespread (Andrews, 1978; Diaz, 1980). 

The Charipini are hyperparasitoids of Homoptera. 
Dilyta and Apocharips species are hyperparasitoids of 
Psylloidea via encyrtid primary parasitoids (Menke & 
Evenhuis, 1991) and Alloxysta, Lytoxysta and 
Phaenoglyphus are hyperparasitoids of Aphididae via 


--aphidiine braconid or aphelinid chalcid primary para- 


sitoids. In general little is known about the biology of 
most species, although the cosmopolitan species, A. 
victrix which is a common hyperparasitoid associated 
with aphid crop pests, has been intensively studied. For 
example, its host selection behaviour has been thor- 
oughly investigated (Gutierrez & Bosch, 1970a & b; 
Gutierrez, 1970a-d). Host specificity is not a simple 
association between hyperparasitoid and primary para- 
sitoid, but rather is influenced by preferences for partic- 


ular aphid/primary parasitoid combinations, and possi- 
bly certain host plants (Hafez, 1961; Andrews, 1978; 
Sullivan, 1987). The female charipine oviposits into 
the haemocoel of the primary parasitoid larva which in 
turn lies in the haemocoel of the aphid. More than one 
egg may be laid in a host, but only one will complete 
development. Aphids lacking a primary parasitoid are 
probed, but no eggs are laid. The egg apparently does 
not hatch until after the primary parasitoid has com- 
pletely devoured the aphid host (Sullivan, 1972). ^ 

The first instar larva of Alloxysta is conspicuously 
sclerotized, and has well-developed mandibles 
(Haviland, 1921). Early instars feed internally, but 
later instars feed externally, and pupation occurs 
within the mummified skin of the aphid. The adult 
chews an irregular-shaped hole through the dorsal 
surface of the aphid mummy and emerges. Adults feed 
on sugary solutions, but host-feeding has not been 
observed (Matejko & Sullivan, 1980). 

Alloxysta species may be parasitised by other aphid 
hyperparasitoids, but the endoparasitic Alloxysta is not 
invariably killed when the host is later attacked by an 
ectoparasitoid such as the pteromalid Asaphes 
(Sullivan, 1972). The ectoparasitic Dendrocerus 
(Megaspilidae) can successfully parasitize Alloxysta for 
only a brief period of time, shortly after the latter 
begins to feed externally on the primary host (Matejko 
& Sullivan, 1984). 


Key to genera of Charipini likely to occur 

in Costa Rica 

1 All antennal segments separated by constric- 
tions; visible metasoma consisting of two 


large, subequalttengitesh mi.. Alloxysta 
— Last two antennal segments broadly joined; 
visible metasoma not as above. .................... 2 


2 Visible metasoma consisting of one large tergite. 


— Visible metasoma consisting of a small basal 
tergite followed by a much larger tergite. ........ 
MN r a RE a OT Tc Apocharips 


Synopsis of Costa Rican Charipini 


Alloxysta. A cosmopolitan genus. One species, A. 
victrix, is very widely distributed and has probably 
been transported inadvertently to most parts of the 


world where it is a hyperparasitoid of aphid crop 
pests. In Costa Rica Alloxysta species have only been 
collected from mid to high altitude sites (above 
1500 m). 


Apocharips. A predominantly Old World genus 
that was previously unknown from the New World. 
A. hansoni has been reared from  Trioza sp. 
(Psylloidea), which forms leaf galls on Cinnamomum 
hammelianum (Lauraceae) at higher elevation sites 
(2000-2500 m) (Menke, 1993). 


Dilyta®*. A widespread but rarely collected North 
American genus (Menke & Evenhuis, 1991). 


FIGITINAE: Eucoilini. Eucoilines are easily distinguished 
from all other microhymenoptera by the raised plate 
or 'cup' on the disc of the scutellum. The tribe is 
thus very distinctive and in previous classifications 
(e.g. Quinlan, 1979), it has often been accorded a 
higher rank than it warrants (Fergusson, 1990). 
Most species are fully winged but brachypterous 
individuals are known. It is the most speciose group 
of Cynipoidea and includes the majority of species 
encountered in most tropical situations. Indeed prob- 
ably more than 95 percent of all the cynipoid wasps 
collected in Malaise traps in Costa Rica belong to 
this tribe. 

Worldwide there are about 1000 described species 
in nearly 80 genera. In Costa Rica there are at least 
20 genera present, which include perhaps between 
200 and 500 species. Most species are undescribed. 

Eucoilines are endoparasitoids of the larvae of a 
wide range of Diptera, including those in living plant 
tissue, such as Tephritidae, Chloropidae and 
Agromyzidae, but especially saprophagous species of 
Sepsidae, Sphaeroceridae, Drosophilidae, Ephydridae, 
Phoridae, Muscidae, Calliphoridae and Sarcophagidae 
found feeding in animal dung, carrion, rotting fruit 
and vegetation, birds' nests, and similar sites. Several 
eucoiline species occur in rotting vegetation on water- 
sides, in swamps and along high tide lines. One 
European species, for example, is known to attack 
only the larvae of Coelopidae in rotting seaweed 
(Quinlan, 1978) and in other parts of the world 
several eucoilines attack semiaquatic ephydrids 
(Williams, 1938; Beardsley, 1989; Meyers & Deonier, 
1993). One Kleidotoma species is known to enter fresh- 


water to attack aquatic dipteran larvae of the families 
Ephydridae and Canaceidae (Beardsley, 1990). 

Association with animal dung (e.g. by Cothonaspis 
which parasitizes Sepsidae) appears to have resulted 
in the loss of pubescence on the propodeum and at the 
base of the second metasomal tergite (Nordlander, 
1978a). Some species of Eucoila, Kleidotoma and 
Trybliographa associated with synanthropic flies have 
become very widespread. A few species of Eucoilini 
have been fairly intensively studied, especially those 
that parasitize Drosophila melanogaster (Drosophilidae), 
such as Leptopilina boulardi and L. heterotoma (previ- 
ously known as Pseudeucoila bochei; see Nordlander, 
1980). Studies of these two species, many of which 
are concerned with odour learning by adult females, 
include Bakker et al. (1967), Meyer-Grassmann 
(1967), Carton and Kitano (1981), Carton et al. 
(1987), Vet and Schoonman (1988), Papaj and Vet 
(1990), Vet and Groenewold (1990), and DeJong and 
Kaiser (1991). 

The female oviposits into the haemocoel of early 
instar dipterous larvae, often selecting the anterior or 
posterior end as an oviposition site. The egg is ovoid 
with a long tubular pedicel and following oviposition 
it rapidly increases in size. The first instar larva is 
highly specialized (known as the ‘eucoiliform’ type 
larva), having reduced mandibles and the mouth 
adapted for fluid feeding; it has a long tail and three 
pairs of long, fleshy thoracic processes, which are lost 
in the later instars (Keilin & Baume-Pluvinel, 1913). It 
also has a large anus surrounded by a ring of 
inwardly directed long chitinous spines (Huzimatu, 
1940). As the first instar larva grows its body 
becomes proportionately larger with respect to its 
caudal appendage (Jenni, 1951). The second instar 
larva resembles the first in outline but possesses a 
shorter caudal appendage and lacks the paired tho- 
racic appendages and modified anus (Wishart & 
Monteith, 1954; Eskafi & Legner, 1974a & b). There 
are three to five larval instars, and in species with five, 
the third instar resembles the second (Huzimatu, 
1940) while the fourth instar is stouter and has a tra- 
cheal system with one to three pairs of spiracles. 
During this instar the parasitoid emerges from the host 
pupa (but remains within the puparium) and con- 
sumes the host from the outside (Meyers & Deonier, 
1993). The final instar larva is typically hymenopteri- 
form and usually has eight or nine pairs of spiracles. 
Pupation occurs within the host puparium. 


Eucoilines apparently have overcome the immune 
defence system of their dipterous hosts by means of a 
venom secreted by the accessory gland of the adult 
female, and injected during oviposition. This venom 
contains virus-like particles that selectively destroy the 
host’s lamellocytes, the dipteran blood cells involved 
in recognition and encapsulation of large foreign 
objects. The venom causes the lamellocytes to lose 
their adhesiveness which in turn hinders the process 
of encapsulation (Rizki & Rizki, 1990). 

Male eucoilines are readily distinguished from 
females by their longer antenna. In addition the male 
antenna has either the third or fourth segment 
modified (the latter being apomorphic according to 
Nordlander, 1982b), which is used to stroke the club 
of the female antenna during courtship (Assem, 
1969). Males mate repeatedly, but a newly mated 
female is not receptive to further sexual overtures 
from males. 

Several members of the tribe are economically 
important as parasitoids of dipterous pests, such as 
fruit flies and agromyzid leaf miners. Trybliographa daci 
was introduced into Costa Rica from Hawaii in the 
1950’s as a biological control agent of the 
Mediterranean fruit fly (Tephritidae) but the outcome 
of this introduction is unclear (Wharton et al., 1981; 
Jirón & Mexzon, 1989). Two native species, Ganaspis 
carvalhoi (= G. pelleranoi) and Odontosema anastephae, 
are known to parasitize fruit flies in Costa Rica 
(Wharton et al., 1981). In Argentina Agrostocynips 
clavatus is reported as a parasitoid of the leaf-miner 
Liriomyza huidobrensis (Agromyzidae) (Diaz & 
Valladares, 1979; Valladares et al, 1982). 
Ganaspidium utilis, which attacks Liriomyza sativa and 
L. trifolii, was introduced from Texas to Hawaii 
(Beardsley, 1988; Petcharat & Johnson, 1988). In 
Honduras two species of Cothonaspis have been reared 
from Liriomyza sativae (R. Cave, pers. comm.). 

The identification of genera of Eucoilini is very 
difficult since the taxonomy of this tribe has received so 
little attention. Keys are available for Britain (Quinlan, 
1978), Hawaii (Beardsley, 1988, 1989), and Taiwan 
(Lin, 1988). The only key to genera that includes the 
neotropical fauna is that of Weld (1952), but subse- 
quent to Weld’s work several genera have been 
redefined (Nordlander, 1976, 1978a & b, 1980, 1981, 
1982a) and a few new genera have been described 
(Quinlan, 1976, 1984, 1986). Genera that have been 
identified from Costa Rica include: Acantheucoela, 


Dicerataspis, Ganaspis, Gronotoma, Hexacola, Kleidotoma, 
Leptopilina, Odontosema, Trybliographa and Tropideucoila 
(P. Hanson & I. Gauld, pers. comm.). 


FIGITINAE: Figitini. The Figitini is an unresolved para- 
phyletic group. The genera related to Figites, which 
have a band of hairs on the second metasomal 
segment, form the sister-group of the Eucoilini. The 
remaining Figitini (genera near Melanips) lack the 
band of pubescence and are without a synapomorphy. 
The tribe comprises about 125 described species in 13 
genera. Thus far only two genera, Figites and Neralsia, 
have been found in Costa Rica. 


10 The cynipoid families 


The Figitini are endoparasitic koinobionts of a wide 
range of Diptera larvae. The biology of the genera 
Figites is similar to that of Eucoilini and the species 
are often associated with flies in dung, carrion, or 
rotting fruit. Species of Melanips often parasitize dipter- 
ous larvae that prey on aphids, i.e. Syrphidae and 
Chamaemyiidae (Evenhuis, 1968). Only one species, 
Figites anthomyiarum, has been extensively studied 
(James, 1928). The female of this species oviposits 
into first or second instar larvae of a variety of 
saprophagous cyclorrhaphans, after first temporarily 
paralysing the host. The elongate first instar larva has a 
large head and a short caudal appendage; the thoracic 


Figs 10.35-10.38. Scanning electron photomicrographs of mesosoma, Figitidae. Figs 10.35-10.36. Neralsia sp. (Figitini); 
10.35, lateral; 10.36, dorsal. Figs 10.37-10.38. Kleidotoma sp. (Eucoilini); 10.37, lateral; 10.38, dorsal. 


segments bear paired ventral fleshy processes. The 
second instar larva is polypodeiform with rudimentary 
paired appendages on the first ten body segments. The 
adult wasp emerges from the host puparium. 


Key to genera of Figitini likely to occur in 

Costa Rica 

l Apex of scutellum with a long spine or a short 
PO o MCN 2 

— Scutellum without a spine or tooth. ................. 3 


2 Scutellum with a long spine (Figs 10.36, 10.37). 
o a Te eae Soke hess vas Neralsia 
— Scutellum with a short tooth. ......... Xyalophora®* 


3 Eye with long hairs; mesoscutum shiny. .. Figites 
— Eye glabrous; mesoscutum granulate and dull. 
QURE NES LS... Melanips®* 


Synopsis of Costa Rican Figitini 


The majority of genera in this tribe are only known to 
occur in temperate regions. Ten genera occur in the 


New World, but only two have been found in Costa 
Rica. Two others may occur here. 


Figites. A cosmopolitan genus that in Costa Rica is 
known only from one site, at 1600 metres in alti- 
tude. In Europe and North America species of this 
genus are known to attack a range of cyclorrhap- 
hous Diptera, especially Anthomyiidae, Calli- 
phoridae, Muscidae and Sarcophagidae. 


Melanips**. A widespread genus known from all 
regions except the Afrotropical. Hosts are often 
dipterous predators of aphids (Fergusson, 1986). 


Neralsia. A New World genus that in Costa Rica 
is widely distributed from near sea-level to 
1600 metres in altitude. A North American species 
is known to attack Sarcophagidae (Roberts, 1935). 


Xyalophora**. A widespread genus occurring in 
Europe and Africa, and throughout the New World. 
A North American species is known to attack 
Sarcophagidae (Burks in Krombein et al., 1979). 


Paul E. Hanson and John LaSalle 


The Chalcidoidea is the second most species-rich 
superfamily of Hymenoptera, exceeded in size only by 
the Ichneumonoidea. Presently the superfamily con- 
tains about 2000 genera and 19,000 described 
species, but the actual number of species could be as 
high as 100,000 (Noyes, 1990). In terms of body size, 
Chalcidoidea include some of the smallest of all 
insects; Megaphragma, a trichogrammatid parasitoid of 
thrips’ eggs, is only 0.17 mm in length. The largest 
members of the superfamily are species of the ptero- 
malid subfamily Leptofoeninae, which reach 25 mm 
in length, excluding the ovipositor. Unlike other 
microhymenoptera (Ceraphronoidea, Proctotrupoidea 
and Cynipoidea), many chalcidoids are bright metallic 
green or blue in coloration. 

Biologically the Chalcidoidea is one of the most 
diverse superfamilies of Hymenoptera, with larval 
feeding habits ranging from carnivory to phytophagy 
(Bendel-Janssen, 1977). Parasitoid chalcidoids attack 
hosts belonging to 15 orders of Insecta (Odonata, 
Orthoptera, Blattaria, Mantodea, Thysanoptera, Hemi- 
ptera, Homoptera, Psocoptera, Neuroptera, Coleoptera, 
Strepsiptera, Lepidoptera, Diptera, Siphonaptera and 
Hymenoptera) and two orders of Arachnida (Araneae 
and Acari). A few species are predators of mites and a 
very few attack nematodes. Chalcidoids have been 
especially successful in exploiting small, concealed 
hosts (e.g. leaf-miners, gall-formers, etc.) and the 
Homoptera-Sternorrhyncha (scale-insects, etc.). Koino- 
biosis appears to be relatively uncommon and few 
Chalcidoidea attack free-living exophytic lepidopterous 
larvae. When they do exploit such hosts they often do 
so in unusual ways—for example, via egg-larval poly- 
embryony (Copidosoma, Encyrtidae), or via ectopara- 
sitic koinobiosis (Euplectrus, Eulophidae). In addition 
to parasitoids, the superfamily also includes several 
phytophagous species (gall-formers and seed-feeders), 
including the obligate pollinators of fig trees. 


At present most authors include 21 families in the 
Chalcidoidea (Boucek, 1988; Grissell & Schauff, 
1990). In comparison to other superfamilies of 
Hymenoptera, this number is probably too high, but 
our understanding of the phylogenetic relationships 
(and character states) within the superfamily is so 
meagre that any changes would be premature. 
Moreover, the family level classification of Chalci- 
doidea has already undergone so many changes that 
many chalcidologists appear disposed to temporarily 
accept the present system, despite its many problems. 
What is most needed to resolve the problems in the 
family-level classification of Chalcidoidea is more 
analysis of specific characters across taxa, such as 
those provided by Gibson (1985) on the thorax, and 
by Darling (1988) on the labrum. 

One of the few points of agreement is that the 
Chalcidoidea is a monophyletic group, although the 
question of whether to include the enigmatic Myma- 
rommatidae is debatable. Gibson (1986a) proposed three 
synapomorphies for Mymarommatidae + Chalcidoidea: 


e the loss of two of the three ancestral sites of origin 
of the mesotrochanteral depressor muscle (the 
mesothoracic muscle that inserts into the basome- 
dial edge of the mesotrochanter); 

e the axillar phragma as the site of origin for the 
mesotergal-trochanteral depressor; 

e the absence of the independent basal ring in the 
male genitalia. 


In the same paper Gibson discussed three additional 
synapomophies for the Chalcidoidea, excluding 
Mymarommatidae: 


e prepectus externally visible; 

e mesothoracic spiracle positioned at lateral edge of 
mesoscutum; 

e multiporous plate sensilla on the antenna. 


He concluded that Mymarommatidae may possibly be 
the sister group to Chalcidoidea, and that Mymaridae 
is probably the sister group to all other Chalcidoidea. 


Recently, Gibson (in Goulet & Huber, 1993) placed 
Mymarommatidae in a superfamily of its own. 
Although we agree that Mymarommatidae is quite 
distinct, we include this family under Chalcidoidea for 
convenience. 

In the absence of a satisfactory classification we 
have chosen to present the families in alphabetical 
order. Of the 21 families of Chalcidoidea, 19 are 
known from Costa Rica. Rotoitidae is known only 
from New Zealand (Boucek & Noyes, 1987), and 
Mymarommatidae is known from Australia, Europe 
and North America. It is possible that the latter will 
eventually be found in Costa Rica and it is therefore 
included in the following key to families. The most 
important work on the superfamily as a whole is 
Boucek’s (1988) revision of the Australasian genera, 
although it excludes Aphelinidae, Elasmidae, En- 
cyrtidae, Mymaridae, Signiphoridae and Trichogram- 
matidae. Important publications treating the New 
World fauna include catalogues of the nearctic 
species (in Krombein et al., 1979) and neotropical 
species (De Santis, 1979, 1980, 1981, 1989). Grissell 
& Schauff (1990) provided illustrated keys to the fam- 
ilies. Keys to the nearctic genera are currently in 
preparation. 


Key to the families of Chalcidoidea 


Wingless male fig wasps (Agaonidae) are not included 
in the following key since they are only encountered 
inside fig fruits and in the leaf litter under a fig tree 
(see Chapter 11.1 for keys). Other wingless or 
brachypterous chalcidoids (in Costa Rica primarily 
Aphelinidae, Encyrtidae, Eulophidae, Eupelmidae and 
Pteromalidae) should run through the key. This key is 
designed for ease of usage and therefore does not 
include rare exceptions. For a more thorough key to 
the world families of Chalcidoidea see Gibson (in 
Goulet & Huber, 1993). 


1 Hind femur enlarged and with teeth along 
ventral margin, hind tibia noticeably curved 


(Fig. «ills OIM MEER. oem. 2 
— Hind femur not enlarged and usually without 
teeth, hind tibia not noticeably curved. ....... 5 


2 Wings folded longitudinally; tegula elongate 
(Fig. 11.02); ovipositor often curved over the 


metasoma; males with terminal metasomal 
tergites fused into a carapace (Fig. 11.03); rel- 
atively uncommon. ..... Leucospidae (p. 342) 
Wings not folded longitudinally; tegula not elon- 
gate (Fig. 11.04); ovipositor not curved over 
metasoma; male metasoma not as above; 
COMMON cece see Eo 3 


Prepectus small (Fig. 11.04); generally non- 
metallic. 

[Eyes not diverging ventrally; ovipositor 
generally not exserted; if exserted, then 
strain Chalcididae (p. 289) 

Prepectus large; generally metallic coloured. ... 4 


Inner margins of eyes diverging ventrally; anten- 
nae inserted low on face (Fig. 11.19). .............. 
NOTE NENNT IS TOO Pteromalidae (p. 355) 
Inner margins of eyes more or less parallel, 
antennae inserted near middle of face. ............ 
TOI ob comte Torymidae (p. 377) 


Hind wing with a basal stalk (Fig. 11.20); anten- 
nal torulus (insertion) closer to eye than to 
other torulus (except in Mymarommatidae); 
head usually with H-like pattern of lines 
(Fig. 11.05). 

[Small (usually 1.5 mm or less in length), 
slender, non-metallic; fore wing with a single 
vein restricted to basal third of wing.] .......... 6 

Hind wing without a basal stalk (membrane 
extending to base of wing); antennal torulus 
usually closer to other torulus than to eye; 
head without H-shaped pattern of lines (some- 
times with V- or X-shaped pattern). ............. 7 


Metasoma with petiole 2-segmented; fore wing 
reticulate; extremely rare (not yet collected in 
Costa ss Mymarommatidae* 

Metasoma with petiole 1-segmented; fore wing 
SUMACE SMOG AVERVZGOTTITI OUI e eoe eet 
I ENT OO ee Mymaridae (p. 344) 


Antenna usually with 5 to 7 funicular segments 
(excluding anelli) between pedicel and club 
(Fig. 11.21); tarsi usually 5-segmented (4- in 
males'of/Tetracampidae).. errre enres 8 


10 


11 


12 


Antenna with O to 4 funicular segments between 
pedicel and club (Fig. 11.22); tarsi 3-, 4-, or 5- 
ATM to eere R Jo 


Mesopleuron convex, usually longer than high 
(Figs 11.06, 11.09); middle leg with apical 
spur of tibia usually somewhat enlarged, and 
first tarsal segment usually with one or more 
rows of pegs and/or a dense pad-like cushion 
offsetaeqibiom 11506) RES UT 

Mesopleuron not convex, usually higher than 
long (Figs 11.15, 11.16); middle leg with 
apical spur of tibia not enlarged and first tarsal 
segment without pegs or cushion of setae. ....... 


Fore and mid coxae relatively close together, 
nearly contiguous (Fig. 11.06); fore wing with 
marginal vein usually shorter than stigmal 
vein (Fig. 11.23); cerci located in front of apex 
of metasoma (Fig. 11.07); axillae usually 
transverse and meeting medially (Fig. 11.08).. 
NES Co nee ETT Encyrtidae (p. 300) 

Fore and mid coxae usually well separated 
(Figs 11.25, 11.09); marginal vein longer 
than stigmal vein; cerci located at apex of 
metasoma; axillae usually not transverse and 
immeetinemedially--........««-« aa 10 


Notauli usually meeting, or at least strongly con- 
verging, posteriorly (Fig. 11.24); prepectus 
inflated and projecting forward (Fig. 11.25); 
Tate Sees Tanaostigmatidae (p. 373) 

Notauli usually not visible (if so not meeting); 
prepectus flat (Fig. 11.09); fairly common. 

[Male eupelmids are very difficult to distin- 
guish from Pteromalidae.] 
A A aa Eupelmidae (p. 329) 


eesessosssossossosoosesoceceeeee 


Head flattened dorso-ventrally, mandible with 
elongate appendage extending  posteriorly 
(Fig. 11.26); front and hind legs with tibia 
shontemthanWemWibk o eto 
ME Agaonidae (Agaoninae) (p. 273) 

Head not as above; legs with tibia as long as or 
loneeniblian Tener rere tS 1094 


Pronotum not visible in dorsal view, covered by 
mesoscutum (Fig. 11.10); mandibles sickle-like. 


13 


14 


15 


16 


17 


[Metasoma always petiolate; sometimes with 
long branches on antenna (males) and/or with 
two long spines projecting from apex of scutel- 


lum (both sexes).] ...... Eucharitidae (p. 309) 
Pronotum always visible in dorsal view; 
mandibles not sickle-like. ............................ 13 


Metasoma short, triangular in lateral view, with 
only 1 or 2 visible segments (Fig. 11.11). 
[Body very short and stocky; mesosoma 
often with coarse punctures] ......... meer 
UO ETT PANIER IEEE Perilampidae (p. 351) 
Metasoma not as above, with more than 2 visible 
SEBIHQDS: 145.ecoeee scooter tesa oe eoo ET ET 


Fore wing with stigmal vein very short 
(Fig. 11.27), rarely enlarged as a circular 
knob; hind coxa usually much larger than fore 
coxa; back of head usually with occipital 
carina (Figs TIRU). e E ETE TET 15 

Fore wing usually with stigmal vein longer; hind 
coxa usually not enlarged; occipital carina 
variable, usually absent. e tue 16 


Dorsal surface of metasoma with distinct pits (Fig. 
11.13); ovipositor not extending beyond apex of 
metasoma; rare. .............. Ormyridae (p. 350) 

Metasoma without pits; ovipositor usually 
extending beyond apex of metasoma; fairly 
COMMON. .ccsc cessor IY Torymidae (p. 377) 


Pronotum rectangular in dorsal view, about as 
wide as mesoscutum (Fig. 11.14); usually 
black or yellow (rarely metallic), dorsal surface 
of mesosoma often with coarse punctures. 

[Metasoma often laterally flattened 
(Fig. 11.15), but if not, then prepectus small 
(isla) a Eurytomidae (p. 336) 

Pronotum usually shorter or else narrower than 
mesoscutum; coloration variable, usually 
without punctate sculpture. ....................... Wy 


Propodeum setose medially (Fig. 11.28); base of 
wing very setose; pronotum bell-shaped and at 
least half as long as mesoscutum; rare. ........... 
A eee Tetracampidae (p. 376) 

Propodeum with hairs restricted to lateral 
margins; base of wing usually less setose; 
pronotum variable; common. ................... 18 


Figs 11.01-11.06. Chalcidoidea. Fig. 11.01. Chalcididae, hind leg. Fig. 11.02. Leucospidae, mesosoma, lateral view. 
Fig. 11.03. Leucospidae, male metasoma, lateral view. Fig. 11.04. Chalcididae, mesosoma, lateral view. Fig. 11.05. Mymaridae, 
head. Fig. 11.06. Encyrtidae, mesosoma and legs, lateral view. 
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Figs 11.07-11.12. Chalcidoidea. Figs 11.07-11.08. Encyrtidae; 11.07, metasoma, dorsal view; 11.08, mesosoma, dorsal 
view. Figs 11.09-11.10. Mesosoma, lateral view; 11.09, Eupelmidae; 11.10, Eucharitidae. Fig. 11.11. Perilampidae. Fig. 11.12. 
Ormyridae, occipital carina on back of head. 


rae 


Figs 11.13-11.18. Chalcidoidea. Fig. 11.13. Ormyridae, metasoma, dorsal view. Fig. 11.14. Eurytomidae, mesosoma, dorsal 
view. Fig. 11.15. Eurytomidae (Eurytominae). Fig. 11.16. Eurytomidae (Rileyinae). Figs 11.17-11.18. Mesosoma, dorsal view; 
11.17. Aphelinidae; 11.18, Eulophidae. 


d 20 | TTT 4 
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STIGMAL 
PREPECTUS VEIN 
NOTAULUS 
27 
24 DS 
PREPECTUS MESOPLEURON 
25 COXA 3 
PRONOTUM COXA 2 


COXA 1 


Figs 11.19-11.31. Chalcidoidea. Fig. 11.19. Pteromalidae (Cleonyminae), head. Fig. 11.20. Mymaridae, hind wing. Figs 
11.21-11.22. Chalcidoid antenna; 11.21, with five funicular segments between pedicel and club; 11.22, with four funicular 
segments between pedicel and club. Fig. 11.23. Encyrtidae, fore wing. Figs 11.24-11.25. Tanaostigmatidae, mesosoma; 11.24, 
dorsal view; 11.25, lateral view. Fig. 11.26. Agaonidae (Agaoninae), head. Fig. 11.27. Torymidae, fore wing. Fig. 11.28. 
Tetracampidae, mesosoma, dorsal view. Fig. 11.29. Elasmidae, whole insect, lateral view. Fig. 11.30. Trichogrammatidae, fore 
wing. Fig. 11.31. Signiphoridae, antenna. 


18 


Il, 


20 


2l 


22 


Ovipositor much longer than body, at least 2 to 
3 times body length; or, apex of metasoma 
and slightly extended ovipositor sheaths 
curved downward. 

[All species are associated with figs.] ........... 
atio RES Agaonidae (part) (p. 273) 

Ovipositor never longer than body; apex of meta- 
soma and ovipositor usually not curved down- 
Ward Soon EE E Pteromalidae (p. 355) 


Hind coxa large, flattened and plate-like; hind 
tibia with dark spines arranged in a distinctive 
pattern (like a vertical column of X’s or dia- 
monds; Fig. 11.29). 

[Fore wing long and narrow.] ...................... 
NU XD O NTC TO e. Elasmidae (p. 298) 

Hind coxa not greatly enlarged; hind tibia 

without above pattern. ................. eere 20 


Tarsi 3-segmented; fore wing without postmar- 
ginal vein, surface of wing often with rows of 
setae extending toward apex (Fig. 11.30). 

[Very small, usually less than 1 mm in 
Baca ccoo Trichogrammatidae (p. 383) 

Tarsi 4- or 5-segmented; fore wing with or 
without a postmarginal vein, without rows of 
setae extending toward apex. ...................— All 


Antennal club very elongate and unsegmented 
(Fig. 11.31); mesosoma smooth, with scutel- 
lum and axillae fused and forming a narrow 
transverse sclerite; fore wing with membrane 
virtually bare, but with a fringe of long 
marginal setae. ........ Signiphoridae (p. 369) 

Antennal club not so elongate; mesosoma 
usually not so smooth, scutellum and axillae 
not fused; fore wing usually with setae on 
MTEMMORAM Crm cornet rss siisscndosaccssioussisonvscanstscot sie 22 


Metasoma broadly joined to mesosoma 
(Fig. 11.17); fore tibia with apical spur curved 
and bifid; very small (usually 1 mm or less), 
rarely metallic coloured mrii o 
a re Aphelinidae (p. 282) 

Metasoma at least somewhat constricted at base 
(Fig. 11.18); fore tibia with apical spur short 
and straight; size and coloration variable......... 
TES ica Eulophidae (p. 315) 


Diagnosis. 0.8 to 3.5 mm in length (excluding the 
ovipositor); colour varying from non-metallic to metal- 
lic; sexual dimorphism often extreme, with apterous 
males sometimes having highly modified mandibles 
and antennae. Female antenna with 10-13 segments; 
occipital carina usually absent; back of head below 
foramen magnum closed by postgenal bridge (gula). 
Fore wing with stigmal vein usually elongate, often at 
nearly a right angle to the marginal vein. Tarsi 5- 
segmented. Metasoma with petiole always reduced; 
ovipositor either much longer than body, or slightly 
exserted and curved downward. 


Classification and distribution. This family previ- 
ously included only the subfamily Agaoninae, which 
are pollinators of figs (Moraceae, Ficus). However, the 
definition of the family has recently been expanded to 
include other subfamilies (formerly placed in the 
Torymidae and Pteromalidae) that are also exclusively 
associated with figs, generally as gall-formers or 
inquilines (Boucek, 1988). As now defined the family 
includes six subfamilies, four of which are pan- 
tropical—Agaoninae, Otitesellinae, Sycophaginae and 
Sycoryctinae—and two that are restricted to the 
Palaeotropics—Epichrysomallinae (one introduced 
genus occurs in Florida; Boucek, 1993a) and 
Sycoecinae. No genera are shared between the 
Neotropics and Palaeotropics, except for those that 
have been transported by human activity. 

Agaonidae occur in tropical and subtropical areas 
around the world, wherever native figs are present. 
The greatest diversity of figs, and hence fig wasps, 
occurs in the region from Australasia to Madagascar 
(Berg, 1989). In the New World, fig species are partic- 
ularly well represented in Central America and the 


northern Andean region. In Costa Rica figs and fig 


wasps occur from sea-level up to an altitude of about 
2000 metres. 


Biology. All species of Agaonidae are exclusively 
associated with figs and, where the biology is known, 
they are phytophagous within the ovaries of the fruit. 
Most of the literature available on the family pertains 
to the subfamily Agaoninae, which are the obligate 
pollinators of figs. 


11 The chalcidoid families 
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Fig. 11.32. Tetrapus sp. (Agaonidae: Agaoninae), female. 


The pollinating fig wasps. There are about 750 
species of figs worldwide (Berg, 1989), and each of 
these fig species usually has its own species of fig wasp 
on which it is entirely dependent for pollination 
(Ramirez, 1970a; Wiebes, 1979). The fig wasp, in 
turn, is totally dependent on a particular species of fig 
for its own reproduction and development. The evolu- 
tion of the mutualism between figs and fig wasps has 
evidently occurred through a very close coevolution 
of the two partners (Ramirez, 1974; Herre, 1989), 
and is one of the best examples of coevolution 
between plants and insects. 


There are two main groups of figs (Berg, 1989): the 
strictly monoecious species (female and male flowers 
on the same tree), and the predominantly gyno- 
dioecious species (female flowers on one tree, both 
male and female on another). Only the former are 
present in the New World and therefore the following 
discussion is restricted to the monoecious species. 

The fig plant never produces exposed flowers; instead 
they are concealed within an unusual, globular hollow 
inflorescence resembling an immature fruit, called a 
SYCONIUM. The only entrance into the cavity of the 
syconium is the OSTIOLE, which is lined with a series of 


closely packed, overlapping scales at the apex of the 
syconium (Fig. 11.33). The development of the syco- 
nium can be divided into five phases, usually referred to 
as phases A to E (Galil € Eisikowitch, 1968a): 


A. Prefemale stage. This is the period before pollina- 
tion. Some abscission of inflorescences may occur 
during this period (Bronstein, 19884). 


B. Female stage. The tree becomes attractive to 
pollen-bearing, female fig wasps, and the scales 
around the ostiole loosen slightly. To enter the syco- 
nium the wasp must squeeze through the overlap- 
ping scales of the ostiole, using her serrate or 
lamellate mandibular appendages to pull herself in. 
In so doing some species lose their wings and apical 
antennal segments (e.g. Pegoscapus species). After 
entering the syconium she pollinates all the flowers 
(only female flowers are present at this time) and 
lays eggs in the most accessible ones—those with 
shorter styles. The female wasp inserts her oviposi- 
tor down the style of the flower to the floral ovule, 
where she places the egg (Fig. 11.33b). The egg is 
deposited within the ovule between the nucellus 
and the raphe, thus leaving the embryo sac undis- 
turbed and not interfering with the normal fertiliza- 
tion process (Verkerke, 1989). Egg deposition is 
followed by the secretion of a drop of fluid (into the 
ovule), which appears to cause the subsequent 
swelling of the ovary. Because ovaries that are 
occupied by wasp larvae show abnormal morphol- 
ogy, they are sometimes termed ‘gall-flowers’ (galled 
flowers may be a better term since they are not 
intrinsically different). The female wasp never leaves 
and eventually dies within the syconial cavity. 
Thus long-styled flowers usually produce seeds and 
many of the short-styled flowers produce fig wasps. 
The wasp’s proximate aim in pollinating is to nourish 
her own progeny; pollination and fertilization of other 
flowers that produce seeds is a secondary result. From 
the fig's point of view, ovaries that produce female 
Agaoninae contribute to pollen dispersal whereas 
ovaries producing males or non-pollinating Agaonidae 
represent seed predation (since these do not disperse 
pollen). Fig species vary from those with physically 
small fruits that produce relatively few viable seeds 
but many pollinators, to those with physically large 
fruits that produce relatively more seeds but fewer 
pollinators (Herre, 1989). 


C. Interfloral stage. After the fig embryo and 
endosperm have formed, the wasp egg hatches and 
the larva enters the enlarged nucellus in search of 
the embryo sac. The embryo disappears and the 
endosperm now serves the same function for the 
wasp larva as it would have done for the plant 
embryo—nourishing its development (Verkerke, 
1989). Thus, during this stage, both seeds and 
wasp larvae develope. 


D. Male stage. The male flowers mature and the 
adult fig wasps emerge from the galled ovaries into 
the central cavity of the syconium. The highly 
modified, wingless males emerge first and utilize 
their telescopic metasoma to mate with the females 
while the latter are still enclosed in the gall-flowers 
(usually less than 15 percent of the emerging fig 
wasps are males). After mating the males chew a 
tunnel to the outside of the syconium through 
which the winged females will eventually depart 
(males may drop to the ground but presumably 
serve no further function there). In some fig species, 
the syconium initially has an inner atmosphere 
with high levels of carbon dioxide, which inhibits 
activity by female wasps, but after a tunnel to the 
outside has been opened (and the inner atmosphere 
becomes equilibrated with the external atmosphere), 
the female wasps become active (Galil et al., 1973b). 
Before leaving the syconium, the female wasps load 
up with pollen from the male flowers (see below). 
They then exit the syconium and fly off to search 
for another tree of the same species that is in the 
receptive stage (female stage). 


E. Postfloral stage. The fruit matures, which in 
some fig species may be stimulated by the change in 
the internal atmosphere resulting from the emer- 
gence hole made by the male fig wasps (Galil et al., 
1973b). Many of the ripe fruits are eventually con- 
sumed by dispersal agents such as birds and bats 
(Janzen, 1979). 


A fig tree generally produces fruit two or three 
times each year. Within a particular tree, floral devel- 
opment is more or less synchronized, but within a 
given area, different trees of the same species are in 
different stages of floral development, thus assuring a 
continuity of hosts for the fig wasps and hence 
pollination. 


Fig. 11.33. Syconium, female stage: a) cross section of syconium; b) female agaonid inserting ovipositor down style of female 
flower (modified from Galil € Eisikowitch, 1969). 


There are approximately 140 species of figs present 
in the Neotropics (Berg, 1989) and about 40 of these 
occur in Costa Rica (Burger, 1977b). Neotropical figs 
belong to two subgenera of Ficus—Urostigma (section 
Americana) and Pharmacosycea (section Phar- 
macosycea)—which differ in several ways (Table 11.1). 

Not surprisingly, the first fig wasp to be extensively 
studied (e.g. by Grandi, 1929) was Blastophaga psenes, 
the pollinator of the cultivated fig. For many years it 
was thought that this species, and hence other fig 
wasps, become passively dusted with pollen on their 
way out of the syconium, and that pollination 
occurred by pollen-coated wasps crawling about over 
the female flowers in a syconium on another tree. It 
was not until 1969, after detailed studies were carried 
out on other species, that this view changed. Ramirez 
(1969), working in Costa Rica, and Galil and 
Eisikowitch (1969), working in East Africa, independ- 
ently discovered morphological modifications for 


pollen transport by fig wasps. Females of Pegoscapus 
estherae and P. tonduzi were observed actively remov- 
ing pollen from the anthers, loading it into specialized 
coxal corbiculae and mesosternal pockets and, upon 
entering a syconium on another tree, actively unload- 
ing pollen from these corbiculae (Ramirez, 1969; Galil 
et al., 1973a). Subsequently, similar pollination mech- 
anisms have been described in other fig wasp genera 
(e.g. Galil & Snitzer-Pasternak, 1970; Joseph & 
Abdurahiman, 1981; Okamoto & Tashiro, 1981), and 
in other species of Pegoscapus (Frank, 1984). P. carlosi 
and P. mariae are unusual in that they occur in the 
same species of fig and seem to be passive pollinators 
(Ramirez, 1970b). 

The other genus of Agaoninae occurring in Costa 
Rica, Tetrapus, lacks specialized structures for carrying 
pollen; instead pollen is apparently carried in the 
digestive tract and among the mandibular serrations 
(Ramirez, 1969, 1970b). The figs pollinated by these 


Ficus subgenus 


Total species 120 
Species in Costa Rica Sill 
Tree form 
Form of ostiole 
Pollinators 


Pollen-loading mechanism active 


Form of ripe fruit 


Seed dispersal agent birds 


Table 11.1. 


wasps (Pharmacosycea) have anthers that shed pollen, 
rather than being actively opened by the fig wasp as 
in Urostigma figs. Re-examination of the commercial 
fig has shown that, while pollen transport by the wasp 
is indeed passive, the pollen is actually carried in the 
intersegmental membranes (Galil & Neeman, 1977). 
It seems unlikely that effective pollen transport can 
occur on the external surface of any wasp that has to 
squeeze through the ostiole of the syconium. In 
general, species of Agaoninae appear to vary in pollen 
transport efficiency, which is reflected in differences in 
the numbers of stamens present in different fig species 
(Galil & Meiri, 1981). Specialized structures for carry- 
ing pollen have apparently evolved independently and 
convergently in different lineages (Ramirez, 1978; 
Wiebes, 1982). The special structures to carry pollen 
probably evolved to save pollen from desiccation. 

The number of female fig wasps entering the syco- 
nium, which varies from one to six or more, has 
important consequences for the mutualism between 
figs and fig wasps. Increasing numbers of foundresses 
(females entering a syconium) results in the produc- 
tion of relatively more male offspring, which may be 
due to local mate competition (Herre, 1987). 
Increasing numbers of male fig wasps in turn reduces 
pollen dispersal and may also lower an individual 
female wasp’s reproduction (Herre, 1989). Moreover, 
fig wasp species characterized by higher numbers of 
foundresses tend to have more virulent nematodes 


Urostigma: Americana 


mostly stranglers 
helicoidal 


Pegoscapus spp. 


red-yellow, sweet, 
juicy, without odour 


Pharmacosycea: 
Pharmacosycea 


20 
8 
mostly free-standing 


tubular 


Tetrapus spp. 


passive 


green, not sweet, 
juicy, odoriferous 


bats 


Comparison of the two subgenera of Ficus present in Costa Rica. 


(Herre, 1993). These nematodes (Diplogasteridae, 
Parasitodiplogaster species), which are probably host- 
specific, have immature stages that crawl onto newly 
emerged female fig wasps and are thus carried to a 
syconium on another tree (Poinar & Herre, 1991). 
The nematodes eventually enter the body of the fig 
wasp, consume it, emerge, mate, and lay eggs within 
the new syconium; the eggs hatch at the time the 
next generation of fig wasps emerge, thus completing 
the cycle. 

The non-pollinating fig wasps. The biology of the 
other subfamilies of Agaonidae is less well known. 
Although they do not pollinate the fig, all are prob- 
ably phytophagous within the ovary, either as gall- 
formers or as inquilines in the galled ovaries produced 
by Agaoninae. Females of these other subfamilies (at 
least among neotropical species) do not enter the syco- 
nium as do Agaoninae, but rather they oviposit 
through the syconial wall (as in many palaeotropical 
species; see Ulenberg & Niibel, 1982). Like Agaoninae, 
species of Idarnes (Sycophaginae) appear to be 
restricted to just one species of fig (Gordh, 1975), but 
the Otitesellinae and Sycoryctinae do not seem to 
show such specificity (Boucek, 19934). 

An Old World species of Sycophaginae, Sycophaga 
sycomori (which enters the syconium via the ostiole), 
is able to develop in figs in regions where the pollina- 
tor is absent and, although unpollinated syconia are 
usually aborted, oviposition by this species stimulates 


ae 0 


fruit development (Galil & Eisikowitch, 1968b). The 
female deposits an egg directly in the embryo sac and 
thus causes a proliferation of the nucellar cell that 
serves as the food source for the larva (Galil et al., 
1970). Three other non-pollinating agaonids occur in 
the same fig, one Sycophaginae and two Sycoryctinae, 
but all of these require the presence of the pollinator 
since they develop as inquilines in galled flowers (Galil 
& Eisikowitch, 19684). i 

In Costa Rica, there is indirect evidence that Idarnes 
and Aepocerus are gall-formers (in short-styled ovaries 
not occupied by pollinator larvae), but unlike 
Sycophaga mentioned above, require the presence of 
the pollinator to prevent the syconia from aborting, 
and later, to chew an exit hole (Bronstein, 1991). 
However, more study is required, not only to confirm 
this suggestion, but to determine the biology of other 
non-pollinating species. 

Many species of these other subfamilies resemble 
Agaoninae in that the males are wingless. However, 
they differ from Agaoninae in that wingless males 
mate with females after they have emerged from the 
galled ovaries into the syconial cavity. In some species 
all males are wingless (most Idarnes), in others there 
are both wingless and winged males, while still others 
have mostly winged males. In species having both 
wingless and winged males, fighting often occurs 
between the wingless males (Hamilton, 1979; but see 
Godfray, 1988). Winged males mate outside the fig. 
In Costa Rica males of Aepocerus emarginatus are uni- 
formly winged, but small males have clear wings 
whereas larger males have black spots on the wings. 
The latter vie aggressively for possession of a syco- 
nium from which females are emerging, repeatedly 
spreading their spotted wings in apparent aggressive 
displays, as in some tephritid flies (W. Eberhard, pers. 
comm.). The clear-winged males are non-aggressive 
and wait for females on nearby foliage (Bronstein, 
NOS). 


Economic importance. The very specialized polli- 
nation system of figs, which is totally dependent upon 
the presence of fig wasps, requires a staggered produc- 
tion of fruits throughout the year (Kjellberg & 
Maurice, 1989; Windsor et al., 1989). As a conse- 
quence, figs are ‘keystone’ resources that can sustain 
numerous tropical frugivores (birds, bats, etc.) during 
periods when other fruits are scarce (Foster, 1982). 
Removal of figs would probably result in local extinc- 


tion of several frugivores, which would in turn have a 
negative impact on other plants that depend on these 
frugivores for seed dispersal (Terborgh, 1986). Figs are 
therefore vital for the maintenance of tropical biodi- 
versity (but see Gautier-Hion & Michaloud, 1989). 
Because of their unique pollination system, the con- 
servation of figs requires a critical minimum number 
of trees in order to sustain the fig wasp population 
(McKey, 1989b). 

In addition to fruits, the almost astronomical 
numbers of fig wasps emerging from a fig tree provide 
an important food resource for diverse predators, 
ranging from staphylinid beetles to birds (Bronstein, 
1988b). Our observations suggest that fig wasps repre- 
sent the predominant component of aerial plankton at 
low- to mid-altitudes in Costa Rica, but unfortunately 
the ecological significance of this aerial plankton has 
been poorly studied. Another role of fig trees in tropi- 
cal ecosystems that is often forgotten is the physical 
structure of the tree itself. Because of their peculiar 
mode of development, mature strangler figs usually 
have hollow trunks, which provide shelter and nesting 
sites for numerous animals, ranging from bats to 
stingless bees. 

Figs and fig wasps thus have a tremendous indirect 
economic importance. Of more direct economic 
importance is the cultivated fig, Ficus carica, which is 
native to Asia Minor and was grown in Egypt as early 
as 4000 B.C. Although the Adriatic variety does not 
require pollination for fruit development, the Smyrna 
variety does. Pollination is brought about by suspend- 
ing inflorescences of the wild caprifig, in which fig 
wasps (Blastophaga psenes) are about to emerge, on the 
branches of the flowering Smyrna fig, a process 
known as ‘caprification’ (Condit, 1947; Condit & 
Enderud, 1956). The common commercial fig, 
however, does not grow well in the lowland tropics, 
and is mostly grown in subtropical, Mediterranean 
climates. 


Identification. Keys to the Chalcidoidea (mostly 
Agaonidae) associated with neotropical figs have 
been given by Boucek (1993a), from which the fol- 
lowing key has been adapted. We have not included 
introduced agaonid taxa, the pteromalid genus 
Podivna, which is known from Trinidad and 
Venezuela, the braconid genus Psenobolus, which has 
brachypterous males and has only been seen from 
Ficus velutina, and parasitoids associated with other 


inhabitants of fig syconia, such as weevil larvae 
(Ceratopus spp.) and pyralid larvae (Boetarcha stigmos- 
alis) (Janzen, 1979). 


Key to Chalcidoidea associated with 
Central American figs 


Jl 


With wings normally developed. ...................... D 
Without wings or with wings very reduced. 
[Males only.] 


Head dorso-ventrally flattened; mandible with a 
conspicuous flat appendage adhering to the 
underside of the head; third antennal segment 
with sharp projection, not- ring-like 
(BESAS 2 918834). 7. (Agaoninae)........ 3 

Head not flattened; mandible normal; third 
antennal segment ring-like (Figs 11.38, 11.39). 


Head slightly longer than wide; scape flat and 
subtriangular (Fig. 11.34); mandibular 
appendage with lamellae. ............... Pegoscapus 

Head usually much longer than wide; scape sub- 
cylindrical and several times longer than wide 
(Fig. 11.32); mandibular appendage with rows 
TO A o eere rreenties Tetrapus 


Fore wing with marginal vein long and stigmal 
vein very short, essentially sessile (Figs. 11.171, 
TETTE) e Torymidae (see Chapter 11.18) 

Fore wing with either marginal vein quite short, 
or if long, then stigmal vein of moderate 
leucthEles 11.35-11.39). ascen 5 


Ovipositor much longer than body. .................. 6 
Ovipositor, if present, not longer than body. .... 7 


Fore wing with marginal vein short, much less 
than 2.0x the length of the stigmal vein 
(Fig. 11.35); scutellum with longitudinal lines 
on lateral margins; last metasomal tergite 
normal an ci ss soee conan d Idarnes 

Fore wing with marginal vein longer than 2.0x 
length of the stigmal vein (Fig. 11.36); scutel- 
lum without lateral lines; last metasomal 


10 


11 


ie 


Ne 


14 


tergite very elongate, forming a tubular sheath 


around the ovipositor. .................... Critogaster 
Body yellow to brown, never metallic. ............. 8 
Body usually at least somewhat metallic. ......... 9 


Body smooth, without any punctures; fore wing 
with postmarginal vein virtually absent 
(Pia). See EP Anidarnes 

Body at least somewhat sculptured, usually with 
punctures on mesoscutum; postmarginal vein 
present. ....... Eurytomidae (see Chapter 11.9) 


Body with dense punctures on scutellum or 
raised reticulate sculpture on head and thorax; 
mesoscutum with extremely shallow notauli. .. 
... Pteromalidae: Ficicola (see Chapter 11.14) 

Body without dense punctures or raised reticula- 
tion; notauli often deeper. ...................... 10 


Fore and hind femora ovoid, strongly enlarged; 
marginal vein much shorter than stigmal 
VIS tt acc OIR Pteromalidae: Hansonita 

Femora not unusually widened; marginal vein 
always longer than stigmal vein. ...................... 
A ERES. (Otitesellinae) ............ 001. 


Antennae in female inserted well above lower 
margin of eye (Fig. 11.38); propodeum with 
carinae; ovipositor sheath extending slightly 
beyond apex of metasoma. ............... Aepocerus 

Antennae at or below lower margin of eye 
(Fig. 11.39); propodeum smooth, without 
carinae; ovipositor sheath extending far 
beyond apex of metasoma. ......... Heterandrium 


Soft posterior half of metasoma turned forwards 
in U-shape under body (Fig. 11.40). ................ 
a OO TO C CODO Oan Agaoninae 

Apex of metasoma never turned forwards under 
DORA OON oa 1S 


Wing rudiments flat, reaching propodeum. ......... 
BOE Ecce tOee eee se nsenec chia OQ T ONO Aepocerus 


Wings present as linear rudiments, or absent. 
CRUISE e E I, 14 


Mesoscutum with distinct notauli, scutellum and 
axillae (Physothorax); or, antenna with only two 
segments (Torymus, subgenus Nannocerus)....... 

E Torymidae (see Chapter 11.18) 


WW 


Figs 11.34-11.42. Agaonidae. Fig. 11.34. Pegoscapus sp. (Agaoninae), female head. Fig. 11.35. Idarnes sp. (Sycophaginae), 
female, dorsal view. Figs 11.36-11.37. Fore wing. 11.36, Critogaster sp. (Sycoryctinae); 11.37, Anidarnes sp. (Sycophaginae). 
Figs 11.38-11.39. Whole insect, female, lateral view; 11.38, Aepocerus sp. (Otitesellinae); 11.39, Heterandrium sp. (Otitesellinae). 
Fig. 11.40. Agaoninae, male, whole insect lateral view. Figs 11.41-11.42. Head, wingless male; 11.41, Heterandrium sp.; 
11.42, Critogaster sp. 


— Parts of mesoscutum more or less fused and 
antenna with more than 2 segments. ........ ILS 


15  Tibiae without stout spines; posterior margin of 
head with row of setae (Fig. 11.41).................. 
E E Heterandrium 

— Tibia short and broad, with numerous stout 
spines on dorsal side; posterior margin of head 


without row of setae. ................ eene 16 
16 Head nearly parallel-sided, quadrate. ...... Idarnes 
— Head widening posteriorly (Fig. 11.42). ............... 
a PEELE CT EEE TP Critogaster 


Synopsis of the Costa Rican fauna 


There are four subfamilies, seven genera, and 
perhaps nearly 100 species (many undescribed) of 
Agaonidae that occur naturally in Costa Rica. In 
addition to these native species it is possible that a 
few introduced taxa are present (or will arrive) on 
introduced species of figs, as has occurred in Florida 
(Boucek, 1993a). Only the native fauna is included 
here. 


AGAONINAE 

These are the obligate pollinators of figs and are 
divided into two tribes, Agaonini and Blastophagini. 
Both tribes occur in the Neotropics where they are 
represented by one genus each: Pegoscapus in the 
Blastophagini and Tetrapus in the Agaonini (see 
Table 11.1). The phylogeny of the subfamily has 
been discussed by Wiebes (1982) and Ramirez 
(1991). 


Pegoscapus. About 30 species in Costa Rica (Table 
11.2). Keys to species are given in Ramirez (1970b) 
and Wiebes (1983). 


Tetrapus. Probably eight species in Costa Rica 
(Table 11.2). 


OTITESELLINAE 

Winged forms resemble some Pteromalidae. Males 
may be winged or wingless, or both. The placement of 
the two native neotropical genera in this subfamily is 
still open to question (Boucek, 1993a). The introduced 


genus Walkerella occurs on Ficus nitida (= microcarpa 
?) in Honduras (specimen in USNM). 


Aepocerus. Probably 20-30 species in the 
Neotropics (Boucek, 1993a), and perhaps five to ten 
in Costa Rica. Males often have black spots on the 
wings. 


Heterandrium. Eight species known from the 
Neotropics but many more remain to be described. 
Five described and at least one undescribed species 
are known from Costa Rica. A key to the species is 
given by Boucek (1993a). 


SYCOPHAGINAE 


This subfamily is represented in the Neotropics by two 
genera and perhaps over 100 species (assuming host 
specificity in Idarnes). They are restricted to species of 
Ficus in the subgenus Urostigma. 


Anidarnes. Recently described by Bouček (1993a), 
with three described species. Only A. brevicauda 
(reared from Ficus costaricana) is known from Costa 
Rica. Males are winged. 


Idarnes. Probably about 30 species in Costa Rica 
(see Table 11.2). A key to the 11 described species 
known from Costa Rica is given im Gordh (1975). 
Most species have wingless males but one species 
recently described from Costa Rica (I. hansoni) has 
winged males (Boucek, 1993a). 


SYCORYCTINAE 


This subfamily is divided into two tribes, Apocryptini 
and Sycoryctini, but only the latter occurs naturally 
in the Neotropics, where it is represented by just one 
genus. 


Critogaster. Five species recognized from the 
Neotropics, four of which are known from Panama 
(Boucek, 1993a). They occur only in figs belonging 
to the subgenus Pharmacosycea. In some species 
there are both apterous and winged males, whereas 
other species appear to have only one or the other. 
A preliminary key to the species is given in Bouček 
(19954). 


Ficus subgenus Ficus species 


PHARMACOSYCEA crassiuscula 


crassivenosa 

insipida (glabrata) 
macbridei (torresiana) 
maxima (radula) 
tonduzii 

werckleana 
yoponnensis (multinervis) 


UROSTIGMA brevibracteata 
bullenei 

caldasiana 
cervantesiana 
citrifolia (hemsleyana) 
colubrinae 
costaricana 
cotinifolia 
cuatrecasana 
davidsoniae 
donell-smithii 
dugandii (turbinata) 
goldmanii 

hartwegii (brenesii) 
isophlebia 

jimenezii 

laterisyce 


morazaniana (lapathifolia) 


nymphaeifolia (duquei) 
obtusifolia 

ovalis 

paraensis (panamensis) 
perforata (oerstediana) 
pertusa (padifolia) 
popenoei (tolimensis) 
schippii 

trachelosyce 

trigonata 

turrialbana 
tuerckheimii 


velutina 


Idarnes 
species 


Tetrapus or 
Pegoscapus species 


costaricanus 


americanus 


ecuadoranus 


bucatoma 


barbigera 
galbina 


tonduzi 
orozcoi 
estherae 
kraussi 


baschierii 

oscrocata 
hansoni 
micheneri 
jimenezi 


urbanae 
jimenezi 
aguilari simus 
amabilis? 


hoffmeyeri obtusifoliae 


standleyi camini 


silvestrii 


leanae 
aemula? 
danorum 
mariae ashlocki 
carlosi 


torresi flavicollis 


Table 11.2. Described species of Agaoninae and Sycophaginae occurring in Costa Rica. 
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Paul E. Hanson 


Very small, about 0.5 to 1.5 mm in 


Diagnosis. 
length, usually squat and robust or flattened, rarely 
elongate; yellowish to black, metallic coloration rare; 
usually fully winged but sometimes brachypterous. 
Antenna 3- to 9-segmented, flagellum of both sexes 2- 


to 7-segmented, that of male occasionally with one 
segment more. Mesoscutum with deep, straight 
notauli, widely separated posteriorly (generally by 
more than the length of the scutellum); axillae widely 
separated; mesopleuron usually obliquely divided 
although sometimes large, undivided, more or less 
convex and shield-shaped. Fore wing with marginal vein 
elongate, stigmal vein very short, postmarginal vein 
usually absent or very short (in the Eriaporinae long to 
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Fig. 11.43. Aphytis sp. (Aphelinidae) female. 


very long); often with a naked, oblique streak (linea 
calva) from stigmal vein to posterior margin. Mid 
coxae well behind middle of mesopleuron; fore tibial 
spur curved, bifid; middle tibial spur fairly elongate; 
tarsi 4- or 5-segmented. Metasoma apparently sessile 
(not petiolate), broadly joining the mesosoma; oviposi- 
tor usually not or hardly exserted. 


Classification and distribution. The Aphelinidae 
is cosmopolitan in distribution and comprises nearly 
1000 described species in nearly 40 genera. The 
majority of species occur in tropical regions, and in 
Central America there are at least 15 genera, repre- 
senting perhaps about 100 species. 

The Aphelinidae has occasionally been treated as a 
subfamily of the Encyrtidae (e.g. by Gordh in 
Krombein et al., 1979) but most recent authors have 
rejected this classification (LaSalle, 1987; Woolley, 
1988; Gibson, 1989). Aphelinids may be paraphyletic 
with respect to Signiphoridae (Woolley, 1988) and 
these families together may be closely related to the 
Eulophidae, although exact relationships remain 
unknown. 

The subfamilial classification is in dispute. Yasnosh 
(1976) recognized seven subfamilies, whereas Rosen 
and DeBach (1979) following De Santis (1946, 1948, 


1967) recognized only three. In his seminal treatment 
of the family, Hayat (1983) did not follow any sub- 
familial classification. Here five subfamilies are recog- 
nized: Aphelininae, Azotinae, Calesinae, Coccophaginae 
and Eriaporinae. All but the last mentioned occur in 
Central America. The majority of aphelinid species 
belong to the Aphelininae and Coccophaginae. 
Azotinae may be situated between these two large 
subfamilies (Polaszek & Hayat, 1992) or it may be the 
sister-group to the Signiphoridae (Woolley, 1988). 
Studies by Gibson (1989) indicate that the Eriaporinae 
may not belong in the Aphelinidae. The subfamily 
Calesinae, which includes the single aberrant genus, 
Cales, probably does not belong in the Aphelinidae, 
and may be more correctly placed in the Eulophidae 
(Polaszek, 1991). 


Biology. The majority of aphelinids are parasitoids 
of nymphal stages of sternorrhynchous Homoptera, 
especially of scale insects (Coccoidea), whiteflies 
(Aleyrodidae) and aphids (Aphidoidea). Indeed all 
genera of Aphelinidae have been recorded from these 
homopteran hosts (Yasnosh, 1980; Viggiani, 1984). 
However, some species of Ablerus, Azotus, and espe- 
cially Centrodora show diverse host associations, both 
inter- and intraspecifically (Polaszek, 1991). Non- 


sternorrhynchous host associations in these genera 
include mostly eggs of other insects (Orthoptera, 
Hemiptera, Homoptera-Auchenorrhyncha and 
Lepidoptera) but also larvae or pupae of Diptera, 
Braconidae, and Dryinidae (Viggiani, 1984; Polaszek, 
USS 

The majority of Aphelinidae are primary para- 
sitoids, but species of Ablerus, Azotus and Centrodora 
are often hyperparasitic; Marietta is always hyperpara- 
sitic. Most of the primary parasitoids (except the genus 
Aphytis) are endoparasitic, whereas many hyperpara- 
sitic aphelinids are ectoparasitoids. Eretmocerus species 
are ectoparasitic in the early instars and endoparasitic 
in the final instar (Gerling, 1966). Aphelinids are 
koinobionts in the sense that host development is not 
terminated immediately upon parasitization, although 
parasitoid development from egg to pupa may occur 
in just one host instar. 

The more common host associations of aphelinid 
genera occurring in Central America, excluding the 
genera that contain highly polyphagous and/or hyper- 
parasitic species mentioned above, are detailed in 
Table 11.3. 

Female host selection and oviposition behaviour 
varies between aphelinid taxa. Female Aphytis tend to 
run about rapidly on the substrate whereas Encarsia 
move more slowly (Viggiani, 1984). Aphytis species 
are ectoparasitoids and females usually oviposit only 
on those hosts where there is a free space between the 
scale covering and the body of the host (Rosen & 
DeBach, 1979). The behaviour of endoparasitic aphe- 
linids is much more varied, and in some cases may 
involve oviposition into particular organs; for example 
some species of Coccophagus place their eggs within the 


Host group Aphelinid parasitoid 


Aphidoidea 
Aleyrodidae 


Aphelinus 

Cales, Dirphys, Encarsia, Encarsiella 
Eretmocerus 

Coccophagus 

Aphytis, Archenomus, Coccobius, 
Coccophagoides, Encarsia, Pteroptrix 

Coccophagus 


Coccidae 
Diaspididae 


Pseudococcidae 


Table 11.3. The more common host associations of 
aphelinid genera occurring in Central America, 
excluding the genera that contain highly polyphagous 
and/or hyperparasitic species. 


suboesophageal ganglion of the host (Flanders et al., 
1961). The female of C. scutellaris is able to locate 
larvae of her own species when they are at least two 
days old and lays unfertilized (male) eggs in them 
(Jarraya, 1975; see below). The fecundity of different 
species has been summarized by Viggiani (1984). 

Several aphelinids are unique among Hymenoptera 
in that the males and females of the same species have 
different ontogenies. The females of such species 
always develop as primary endoparasitoids of 
Homoptera (usually scale insects), while conspecific 
males develop in one of the following ways (Walter, 
1983): 


i) As primary ectoparasitoids on the same host 
species as the female. Thus both sexes utilize the 
same host, but feed in different ways. This type of 
development (‘diphagous’) occurs, for example, in 
Coccophagus longifasciatus, C. ochraceus, and C. scuta- 
tus. 


ii) As hyperparasitoids on their own species. 
Examples of this form of development ('obligate 
autoparasitoids' occur in Coccophagoides utilis, 
where the male is an ectoparasitoid, and in 
Coccobius fulvus, where the male is an endopara- 
sitoid. 


iii) As facultative hyperparasitoids on their own or 
other species. Examples include Coccophagus 
lycimnia, where males develop as ectoparasitoids, 
and C. capensis, where the males develop endopara- 
Sitically. 


iv) As obligate hyperparasitoids on other species. 
Examples of such  'alloparasitoids' include 
Coccophagus ceroplastae, where the males develop as 
endoparasitoids, and C. pulvinariae, where males 
develop as ectoparasitoids. 


This phenomenon, where females and males develop 
differently, has been termed HETERONOMY by Walter 
(1983); the last three categories mentioned above are 
examples of HETERONOMOUS HYPERPARASITISM (= 
Adelphoparasitism). A variety of classifications have 
been proposed for different forms of heteronomy (e.g. 
Flanders, 1959b, 1967; Zinna, 1961) and that pre- 
sented above represents a simplification of Walter's 
(1983) classification. Excluded from the above list is 


the category known as ‘heterotrophic parasitoids’, 
where males develop on different hosts from those uti- 
lized by females. It is based on records of Encarsia lutea 
emerging from lepidopterous eggs (Stoner & Butler, 
1965). However, E. lutea males are often found 
emerging from the same species of Homoptera as 
those in which females develop, and the single record 
from lepidopterous eggs may simply be the result of 
unfertilized females utilizing unusual hosts faculta- 
tively (Polaszek, 1991). However, recent preliminary 
observations suggest that males of the neotropical 
species, Encarsia porteri, may be genuinely obligate 
parasitoids in lepidopteran eggs (Polaszek, pers. 
comm.). In the case of the heteronomous hyperpara- 
sitoid, Encarsia pergandiella, some males develop as 
primary parasitoids, which appears to be caused by a 
paternally inherited factor that leads to the condensa- 
tion and loss of the paternal chromosomes (Hunter 
ete 993). 

The origin of heteronomous hyperparasitism is still 
a mystery. However, an example of a possible starting 
point is provided by non-heteronomous aphelinids 
that lay female and male eggs in slightly different 
sites. For example, Aphytis melinus lays female eggs on 
the dorsum of the host while male eggs are laid under 
the scale-insect’s body (Luck et al., 1982). 

Eggs of Aphelinidae are often stalked. The first 
instar larva of ectoparasitic species (e.g. Aphytis spp.) 
is hymenopteriform with four pairs of spiracles and a 
functioning tracheal system (Rosen & DeBach, 1979). 
In most endoparasitic species the first instar is 
caudate, without spiracles, and without a functioning 
tracheal system (Cendana, 1937). In some species 
where the sexes have different ontogenies, the imma- 
ture stages are sexually dimorphic. Several species 
(e.g. Coccophagus lycimnia) have sexually dimorphic 
eggs (Flanders, 1937; Viggiani & Mazzone, 1978; 
Mazzone & Viggiani, 1984) and the larvae of many 
taxa are unusually sexually dimorphic. For example, 
the male first instar larva of C. scutellaris is clothed in 
long setae and has a spine-like tail, while the female 
larva has no long setae and is of the simple caudate 
type (Flanders, 1937). In some cases even the pupa 
(e.g. Encarsia spp.) may exhibit sexual dimorphism 
(Viggiani & Mazzone, 1978). 

Pupation takes place either inside or outside the 
host, depending on the species. Some species pupate 
inside the living host, within a pupation chamber 
which becomes filled with air. There is some evidence 


that air inside this chamber is derived from the host’s 
tracheal system as occurs in the Encyrtidae (Clausen, 
1940b). Parasitoids of scale-insects and aphids emerge 
by cutting a hole through the integument of the host 
mummy, but if the scale has a delicate covering they 
push their way out from beneath it. The adults of 
some such species (e.g. some Aphytis) lack functional 
mandibles (Viggiani, 1984). 

Adults feed on sugary solutions, and one species of 
Coccophagus has even been -observed to stroke its 
coccid host to induce it to secrete honeydew 
(Cendaña, 1937). Aphelinids are synovigenic and 
therefore the female usually host-feeds, by macerating 
the host with the ovipositor or by forming a feeding 
tube from secretions of the accessory gland (Rosen & 
DeBach, 1979). Reproduction via thelytokous par- 
thenogenesis (i.e. without males) appears to be fairly 
common in the Aphelinidae; for example, in Aphytis, 
about one fourth of all species whose sexuality is 
known are uniparental (Rosen & DeBach, 1979). In 
bisexual species, courtship and mating behaviour 
often varies between species and these differences may 
provide useful taxonomic characters (Viggiani & 
Battaglia, 1983a). 


Economic importance. The family Aphelinidae has 
been more successful in classical biological control 
(importations) than any other group of ento- 
mophagous insects (Greathead, 1986). In Costa Rica 
the first successful cases of classical biological control 
involved aphelinids: in 1932 Eretmocerus serius was 
introduced to control the citrus blackfly, Aleurocanthus 
woglumi (Aleyrodidae), and in 1933 Aphelinus mali 
was introduced to control the woolly apple aphid, 
Eriosoma lanigerum (Aphididae). Both programmes 
resulted in complete control of the pest (DeBach, 
1974; Clausen, 1978). Worldwide, species of Aphytis 
have proved to be the most effective natural enemies 
of Diaspididae, which has been attributed to the fact 
that they develop only as ectoparasitoids and hence 
are not vulnerable to encapsulation (Rosen & DeBach, 
11979): 

Presently one of the most serious insect pests in 
Central America is the tobacco whitefly (Bemisia 
tabaci, Aleyrodidae). Most of the parasitoids associated 
with this pest are aphelinids, i.e. species of Encarsia 
(Polaszek et al., 1992) and Eretmocerus. The success of 
Encarsia formosa in controlling the greenhouse 
whitefly (Trialeurodes vaporariorum) would suggest that 
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similar periodic liberations of an appropriate aphelinid 
species against B. tabaci is worth investigating, as is 
the possibility of importing an exotic aphelinid species 
(Gerling, 1992). 

Several aphelinids occurring in Central America 
are undoubtedly very important in controlling poten- 
tial scale-insect pests. Coccophagus, for example, is 
commonly reared from coccid pests such as Coccus 
viridis. In Honduras Encarsia citrina has been reared 
from Unaspis citri (Diaspididae) on citrus (R. Cave, 
pers. comm.). 


Identification. Keys to the world genera of 
Aphelinidae are given in Hayat (1983) and Yasnosh 
(1983). The aphelinids of Argentina were revised by 
De Santis (1948). The genera present in Central 
America can be identified using the following key (to 
females), which is modiñed from that of Hayat. 
Eriaporinae, members of which have a long stigmal 
and postmarginal vein, is not included (see below). 


Key to Central American genera of 
Aphelinidae 


1 Antenna with 6 or fewer segments (Figs 11.44— 
11.46); fore wing with linea calva usually (but 
notalways) present (Fig. VITSO). -aiiis 
isc ORS (Aphelininae and Calesinae) ............ 2 

— Antenna with 7 to 9 segments (Figs 11.47— 
11,49); fore wing with linea calva generally 
absent......(Coccophaginae and Azotinae) ..... 7 


A eme 3 
— Tarsi 5-segmented, at least on front and hind 
[cock ee eere TI eset n ERE eost E! 


3 Antenna 5-segmented, clava tapered at apex 
(Fig. 11.44); fore wing usually (but not 
always) with a linea calva (Fig. 11.50). ........... 
tuuc E c ETE Eretmocerus 

— Antenna 6-segmented, clava truncate at apex 
(Fig. 11.45); fore wing without a linea calva... 
OE, Seco o LO a Cales 


4 Fore wing with marginal vein at most as long as 
costal cell (Fig. 11.51); metasoma longer than 
mesosoma + head (Fig. 11.53) ovipositor dis- 


tinctly longer than middle tibia and exserted; 
antennal clava often curved at apex 
(Gigs 1 AC) tence eee Centrodora 
Fore wing with marginal vein longer than costal 
cell (cf Fig. 11.52); metasoma shorter than 
mesosoma + head; ovipositor usually not 
longer than middle tibia and not exserted; 
clavamoticunvediatiabexeee eS 5 


Hypopygium prominent, extending to apex of 


metasoma or beyond (Fig. 11.58)..... Aphelinus 
Hypopygium not extending to apex of metasoma 
(Big l T. SAA 6 


Propodeum, along midline, at most as long as 
metanotum (Fig. 11.55); pronotum composed 
of single plate; fore wing strongly patterned, 
with infuscate markings on membrane; rare. .. 
te vc TETTE E o tents Marietta 

Propodeum, along midline, longer than metan- 
otum (Fig. 11.56); pronotum membranous in 
middle; fore wing less commonly patterned, 
but if so, usually weaker and consisting of 
setal patterns (Fig. 11.43); common. ............. 
MD TUR DR I EE Aphytis 


Female antenna 7-segmented (Figs 11.47- 


PASA O cs REC 8 
Female antenna 8- or 9-segmented (Fig. 11.49). 
e ERES cen 10 


Antenna with 4 funicular segments, third funic- 
ular segment usually shorter than others 
(Fig. 11.47); body often slightly metallic 
coloured. o O Ablerus 

Antenna with no more than 3 funicular seg- 
ments, third flagellar segment not shorter 
than preceding flagellar segments (Fig. 11.48); 
nevermetallicicolounred a a 9) 


Antenna with 3 funicular segments and 2 claval 
segments (Fig. 11.48); submarginal vein of 
fore wing with 4 or more setae; tarsi 5- 
segmented: «0 neo m Coccobius 

Antenna with 2 funicular segments and 3 claval 
segments; submarginal vein of fore wing with 
less than 4 setae (as in Fig. 11.51); tarsi 4- 
Segmented c m Pteroptrix 
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Figs 11.44—11.59. Aphelinidae. Figs 11.44-11.49. Antenna of female; 11.44, Eretmocerus sp.; 11.45, Cales sp.; 11.46, 
Centrodora sp.; 11.47, Ablerus sp.; 11.48, Coccobius sp.; 11.49, Coccophagoides sp. Figs 11.50-11.52. Fore wing; 11.50, showing 
calva linea; 11.51, Centrodora sp.; 11.52, Encarsia sp. Figs 11.53-11.54. Dorsal view of body; 11.53, Centrodora sp.; 11.54, 
Encarsia sp. Figs 11.55-11.57. Dorsal view of mesosoma; 11.55, Marietta sp.; 11.56, Aphytis sp.; 11.57, Coccophagus sp. 
Figs 11.58-11.59. Lateral view of metasoma; 11.58, Aphelinus sp.; 11.59, Aphytis sp. 
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10 Axillae small, longer than wide, projecting for- 
wards and separated mesally by more than the 
maximum length of an axilla (Fig. 11.54); 
mesoscutum with reduced number of setae, 
setae bilaterally symmetrical. ..................... Ji 

—  Axillae large, subtriangular, separated mesally by 
about the maximum length of an axilla 
(Fig. 11.57); mesoscutum with numerous 
setae O 13 


11 Antennal flagellum spindle-shaped, often 
flattened, apical segment conical with pointed 
apex (Fig. 11.49); submarginal vein with 3 or 
Inoleijselge- on cae. oem Coccophagoides 

— Antenna not as above; submarginal vein with 1 
one ssetactbio $1152) eer Me 12 


12 Hind tarsi 4-segmented; rare. ........... Archenomus 
— Hind tarsi 5-segmented; common. ......... Encarsia 


13 Scutellum with at least 6 setae and each axilla 
with at least 2 setae (Fig. 11.57); submarginal 
vein usually with more than 5 setae. 

[Parasitoids of scale-insects.] .... Coccophagus 

— Scutellum with 4 setae and each axilla with at 
most 1 seta; submarginal vein with 2 setae (as 
in Fig. 11.52). 

[Parasitoids of whiellies.] ...5.................. 14 


14 Sculpture of mesoscutum aciculate (with fine 


lies) A ee rsen Dirphys 
— Sculpture of mesoscutum imbricate/reticulate 
De ol ido Encarsiella 


Synopsis of the Costa Rican fauna 


At least 15 genera of Aphelinidae occur in Central 
America, although there has been very little study of 
the regional fauna so this total is expected to increase. 
In Costa Rica aphelinids occur at all altitudes, but 
they are apparently less diverse at the highest eleva- 
tions. Many aphelinids have been moved around the 
world as part of biological control programmes (which 
may or may not be reported), and they are also easily 
dispersed unintentionally to new areas through the 
accidental introduction of their hosts. Thus several of 
the aphelinid species present in Central America are 
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not indigenous to the region. Aphytis lingnanensis, for 
example, had become unintentionally established in 
Mexico even before its deliberate introduction from 
southern China to California (DeBach, 1971). How 
this species arrived in Costa Rica is unknown. 
Following are the genera of Aphelinidae known or 
thought likely to occur in Costa Rica. In addition to 
these there is one new genus that cannot be placed in 
any of the subfamilies (J. Noyes, pers. comm.). The 
lists of species are based on those reported from 
Central America by De Santis (1979, 1981, 1989), 
those present in Honduras (specimens in Escuela 
Agrícola Panamericana) and those reported to be cos- 
mopolitan by Gordh (in Krombein et al., 1979). 


APHELININAE 


Species in this subfamily may be recognized by the 3- 
to 6-segmented antennae, and in the possession of a 
distinct linea calva. 


Aphelinus (= Mesidia, Mesidiopsis). About 60 
species worldwide. At least four species have been 
found to occur in Costa Rica, including mali and an 
unidentified brachypterous species at high altitudes, 
at or above 2800 metres. 


Aphytis. Over 100 species worldwide with perhaps 
at least 20 in Costa Rica. The following species are 
known to occur in Central America: chilensis, 
chrysomphali, comperei, hispanicus, holoxanthus, lepi- 
dosaphes, lingnanensis, mytilaspidis, proclia, sal- 
vadorensis. A key to the world species is given by 
Rosen and DeBach (1979). 


Centrodora®™ (= Debachiella, Tumidiscapus). About 
40 species worldwide. 


Eretmocerus. About 30 species worldwide with 
clauseni and serius known from Central America. 
Biology: Gerling et al. (1990, 1991). 


Marietta. About 20 species worldwide with pulchella 
reported from Central America. At least one species 
has been collected in northwestern Costa Rica. 


COCCOPHAGINAE 


Species of this subfamily may be recognized by the 7- 
to 9-segmented antennae, and by the absence of a 
linea calva. 


Archemonus** (= Hispaniella). About 20 species 
worldwide. This genus may be synonymous with 
Pteroptrix (Viggiani & Garonna, 1993). 


Coccobius (= Physcus; see LaSalle & Boucek, 1989). 
About 60 species worldwide, at least two of which 
are common in Malaise traps in Costa Rica (one at 
3000 m and the other at 1300 m). 


Coccophagoides (- Primaprospaltella). Thirteen 
species worldwide. One reddish coloured species is 
common in Costa Rica around 2800 metres. 


Coccophagus (- Aneristus, Heptacritus, Prococ- 
cophagus). Nearly 200 species worldwide. Among 
the most commonly collected genera of Aphelinidae 
in Costa Rica, where there are probably at least 30 
species. The following species are recorded from 
Central America: albicoxa, ceroplastae, lycimnia, mex- 
icanus, occulatipennis, quaestor, saissetiae. 


Dirphys®*. A neotropical genus with four described 
species. D. encantadora has been reared from 
Ceraleurodicus ingae (Aleyrodidae) on avocado in 
Honduras (R. Cave, pers. comm.). D. mexicana is 
known from Costa Rica and Mexico (where it is a 
gregarious endoparasitoid of C. altissimus). Records 
and a key to species are given in Polaszek and 
Hayat (1992). 


Encarsia (=>  Aleurodiphilus, ^ Aspidiotiphagus, 
Prospaltella). About 200 species worldwide with 
perhaps at least 30 in Costa Rica. In Costa Rica 
desantisi, nigricephala and pergandiella have been 
reared from Bemisia tabaci. Species attacking diaspi- 
dids in Central America include: aurantii, citrina, 
lounsburyi and perniciosi. Biology: T. Williams (1991). 


Encarsiella. Six species worldwide. E. aleurodici has 
been recorded from Honduras (R. Cave, pers. 
comm.) and Ecuador, E. noyesi from Honduras (R. 
Cave, pers. comm.) and Peru, and E. magniclava 
from Panama. Records and a key to species is given 
in Polaszek and Hayat (1992). Species are com- 
monly reared from aleyrodids belonging to the 
genus Aleurodicus. 


Pteroptrix**. Twelve species worldwide. 


AZOTINAE 


Similar to Coccophaginae but tarsi always 5-seg- 
mented and antenna always 7-segmented (formula 1- 
1-4-1). A synopsis of the nearctic species was given 
by Darling and Johnson (1984). 


Ablerus (= Azotus; Hayat, in press). Nearly 100 
species worldwide. Biology: Pedata and Viggiani 
(1991). 


CALESINAE 


In Central America species of this subfamily may be 
recognized by the combination of 6-segmented anten- 
nae (females), four-segmented tarsi, discal wing hairs 
arranged in lines and a straight fore tibial spur. 


Cales**, Only two described species, one from 
Australia and a second from the Neotropics and the 
Palaearctic. 


11.3 CHALCIDIDAE 


Gérard Delvare 


Diagnosis. 1.5 to 15.0 mm in length, with a hard 
body, surface sculpture consisting of umbilicate punc- 
tures; colour predominantly black, yellow, or a combina- 
tion of these, sometimes with reddish markings, rarely 
with a metallic tinge. Sexual dimorphism minimal, 
being most evident in the Haltichellinae, where the 
flagellum of the male is usually thicker and the scape 
may be excavated ventrally at the apex and have a 
ventral projection. Antenna with 1 anellus and 7 
funicular segments; carina bordering posterior of gena 
usually well developed. Pronotum separated from tegula 
by side lobe of scutum; notauli generally complete; 
prepectus always very narrow, hardly visible; mesopleu- 
ron with epicnemium completely delimited and hori- 


-- zontal subpleural area present, at least primitively; 


propodeum mostly areolate, less frequently rugose and 
rarely smooth. Hind coxa rather long; hind femur 
swollen, ventral edge with small to large teeth; hind 
tibia distinctly curved; tarsi 5-segmented. Metasoma 
subsessile to petiolate; last tergite and/or ovipositor 
sometimes very long. 


Classification and distribution. The Chalcididae 
is cosmopolitan in distribution, but is particularly 
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Fig. 11.60. Conura sp. (Chalcididae). 


diverse in lowland tropical areas. The family presently 
comprises about 1500 species in nearly 90 genera, 
which are classified in five subfamilies: Chalcidinae, 
Dirhininae, Haltichellinae, Epitraninae and 
Smicromorphinae. The first three subfamilies are 
cosmopolitan, whereas the  Epitraninae and 
Smicromorphinae, which contain one genus each, are 
restricted to Africa, southern Asia, and Australia. 

The Chalcidinae is divided into four tribes: 
Brachymeriini (two genera worldwide), Chalcidini 
(six genera), Cratocentrini (eight genera) and 
Phasgonophorini (eight genera), but the palaeotropi- 
cal genus Hovachalcis represents another tribe. 
The Dirhininae contains just four genera. The 
Haltichellinae is divided into four tribes: Haltichellini 
(32 genera), Hybothoracini (25 genera), Tropimeridini 
(just one palaeotropical genus) and Zavoyini (one 
genus; Boucek, 1992). 


Biology. All chalcidids are parasitoids of larvae or 
pupae of other insects, mostly Lepidoptera and 
Diptera, but also Coleoptera, Neuroptera and 
Hymenoptera. One European species attacks free- 
living Strepsiptera (Silvestri, 1943). A brief synopsis of 
the known hosts of taxa present in Costa Rica is given 
in Table 11.4. Chalcidids may be ecto- or endopara- 
sitic. Most appear to be idiobionts although some (e.g. 
Chalcis species, see below) are koinobionts. Many 
Chalcididae are strictly primary parasitoids, but others 
are facultative or obligatory hyperparasitoids (see 
below). Most chalcidids are solitary parasitoids but a 
few are gregarious, such as species of the Conura 
pygmaea group, which attack butterfly pupae 
(Papilionoidea). A few chalcidids have been the 
subject of extended biological studies (Roberts, 1933; 
Hanna, 1934; Dowden, 1935; Magistretti, 1950; 
Arthur, 1958; Steffan, 1958 and 1959c; Hansen, 


1980). Although much of the following information 
pertains to temperate species the biology of neotropi- 
cal species is probably comparable. 

Most chalcidids are not very host specific, although 
a particular species is nearly always restricted to hosts 
in one insect order. In Brachymeria, for example, 
many species are primary parasitoids of various fami- 
lies of Lepidoptera, while others are restricted to 
carrion infesting Diptera or to chrysomelid beetles of 
the subfamily Cassidinae. Species of Conura in the mac- 
ulata group attack a diversity of lepidopterous hosts, 
some as solitary parasitoids, others as gregarious para- 
sitoids. Such generalists may eventually prove to be 
habitat specific rather than host specific. 

In other cases the spectrum of hosts attacked by a 
particular chalcidid species may be restricted to one 
family or even one species of host. Species of Conura in 
the nigricornis group are restricted to the lepidopter- 
ous families Limacodidae and Megalopygidae. The 
mandibles of these species are very stout, presumably 
for cutting their way out of the hard cocoon of the 
host. Species in the oiketicusi group attack only, as far 
as is known, Psychidae of the genus Oiketicus. Members 
of the dimidiata, transitiva and pygmaea groups are 
mostly restricted to butterflies of the family 
Nymphalidae. Those in the first two groups are soli- 


Host groups Chalcidid parasitoid 
COLEOPTERA 
Chrysomelidae Brachymeria, Conura 
Lagariidae Haltichella 
wood-boring beetles Phasgonophorini (Haack et al., 
1981) Acanthochalcis, 
?Notaspidium 


STREPSIPTERA 
Mengenillidae Hockeria 

DIPTERA 
Muscoidea 
Tephritidae 


Brachymeria, Dirhinus 
Dirhinus 


LEPIDOPTERA 


various families Brachymeria, Conura, Haltichella, 


Hockeria, Psilochalcis 


HYMENOPTERA 
Ichneumonoidea 


Brachymeria, Conura, Notaspidium 


Table 11.4. The known hosts of chalcidid taxa 
occurring in Costa Rica. 


tary while those in the last group are gregarious para- 
sitoids. Species of the apaiis, maculipennis, melana and 
odontotae groups are parasites of Chrysomelidae, gen- 
erally leaf-miners (Delvare, 1992). 

In searching for hosts, females look first for their 
host’s habitat. Hyperparasitic chalcidids search for the 
primary host. Thus Brachymeria moerens, which 
attacks parasitic flies in grasshoppers, must first find 
the primary host and then determine whether there is 
a parasitic fly within (Léonide € Léonide, 1969). 
B. compsilurae, which is a secondary parasitoid of 
Lepidoptera, is not attracted by a free tachinid pupa, 
but is attracted by a pupa within the lepidopteran 
cocoon (Dowden, 1935). Hosts of Chalcididae are 
often relatively dispersed. Not surprisingly, chalcidids 
are good flyers and Conura spp. have been captured in 
flight 900 metres above the ground (Glick, 1939). 
Moreover, adult chalcidid wasps are quite long lived, 
varying from four to ten weeks (up to five months in 
Conura side; Arthur, 1958), with female longevity 
being increased by mating (Hansen, 1980). They 
show maximum activity under intense illumination 
(Desmier de Chesnon, 1973). All species that have 
been studied are synovigenic and total egg production 
by one female ranges from 150 to 200 eggs. Females 
have 6 to 12 ovarioles, with only one egg formed per 
ovariole per day (Clausen, 1940b). As in many syn- 
ovigenic parasitoids, host-feeding has often been 
reported in the family, but a feeding tube has never 
been observed. 

Oviposition behaviour varies between groups of 
Chalcididae. Members of the tribes Phasgonophorini 
and Cratocentrini attack xylophagous beetles and are 
morphologically adapted to ovipositing in hard wood. 
The petiole is very short and several metasomal ter- 
gites are reduced or fused together. These transforma- 
tions evidently occurred in order to ensure rigidity of 
the metasoma during oviposition. The valvulae, 
whether they are free or enclosed in the sheath 
formed by the elongate last tergite, are very long in 
order to penetrate deeply within wood. 

The female of Brachymeria moerens, after encoun- 
tering a grasshopper with a parasitic fly within, grips 
it along its ventral side and oviposits across a mem- 
branous part of the body. This species does not appear 
to be capable of discriminating fly larvae that are 
already parasitized. When more than one chalcidid 
larva occurs within a host, a fight usually ensues, 
since only one parasitoid can develop in the same host 
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(Léonide & Léonide, 1969). In Chalcis canadensis, 
which oviposits into stratiomyid eggs, the female rests 
on her hind legs while picking up a host egg with her 
front legs. She then oviposits into the egg, places it 
back in the egg mass, and repeats the process with the 
next egg. Females may defend host egg masses until 
they are ready for oviposition, fighting other females 
by grappling with their enlarged hind femora (Cowan, 
1979). Species of Chalcis are koinobionts, ovipositing 
in eggs or larvae of Stratiomyidae, with the chalcid 
larva remaining in the first instar until the host 
pupates (Schremmer, 1960). 

Perhaps the most impressive act of oviposition is 
that of Lasiochalcidia species, which parasitize ant-lions 
(Steffan, 1959b). The female, as soon as she discovers 
her victim, fights to prevent it from withdrawing into 
its sand pit, then grips the ant-lion larva with her mid 
and hind legs and promptly embeds her ovipositor into 
its prothorax while lying on her side. The host is 
paralysed for a short time, but can afterwards move 
and feed. In Hockeria eriensis, another parasitoid of 
ant-lions, the host is partly but permanently paralysed 
after oviposition (Steffan, 19595). Thus Lasiochalcidia 
is a koinobiont whereas Hockeria is an idiobiont. 

The first instar larvae of Chalcididae are of two 
types. Those of lepidopterous parasitoids are 
hymenopteriform and possess a functional respiratory 
system, whilst larvae of dipterous parasitoids are of 
the caudate type and apneustic. Mature larvae are 
always hymenopteriform. Developmental time at 25°C 
is two days for embryonic development, the same time 
for each of the first four instars, three days for the fifth 
instar, two days for the prepupa, and 12 days for the 
pupa (Dowden, 1935). The female generally needs 
another 24 to 48 hours after emerging to achieve her 
complete development. Under optimal conditions, but 
depending upon the size of species, development from 
egg to adult requires 16 to 30 days. Of course, it is 
prolonged in koinobiotic species, where oviposition 
occurs within a young larva and parasitoid larval 
development is delayed until the host completes its 
own larval development. Parasitoids of Diptera 
consume the entire contents of the pupa, while soli- 
tary parasitoids of Lepidoptera do not, the uncon- 
sumed part becoming dried inside the chrysalis. 

Although some species of Chalcididae may be thely- 
tokous, most species consist of both males and females. 
Males generally emerge before females and mating 
occurs very soon after the latter emerges from the host. 
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In Conura albifrons the male approaches the female from 
a right angle, swaying his body from side to side and 
vibrating his antennae without touching the female 
(Hansen, 1980). In C. side the male follows the female 
and strokes her wings lightly with his antennae 
(Arthur, 1958). The time of copulation is brief (two to 
seven minutes) and it appears that females mate only 
once, although older females have been observed 
mating (Arthur, 1958). Two to eight days are generally 
required before oviposition can begin. 

Adults of both sexes feed on nectar and possibly 
other plant secretions. In the Neotropics chalcidids are 
strongly attracted to plants possessing extra-floral nec- 
taries and/or glandular hairs. Among parasitic 
Hymenoptera collected on such plants, Chalcididae 
(especially Chalcidini) often predominate. Certain 
plants are highly attractive to Chalcididae 
(Hespenheide, 1985; Mexzon & Chinchilla, 1991; 
Delvare & Genty, 1992): Croton spp. (Euphorbiaceae), 
Urena spp. (Malvaceae), Solanum spp. (Solanaceae), 
Byttneria aculeata (Sterculiaceae), and Bidens 
cynapiifolia (Compositae). Each plant attracts several 
tens of species which do not belong to the complex of 
natural enemies of the phytophagous insects feeding 
on the plant. 

Large chalcidids, such as species of the nigricornis 
group of Conura, generally have yellow and black 
banded metasomas and seem to mimic vespid wasps. 
Caenobrachymeria polybiaeraptor, which parasitizes a 
polistine wasp, is similar to species of Brachymeria 
except that it lacks the normal punctures and has 
dense but short and appressed pilosity, similar to that 
of its host (Steffan, 1974). It is thought that within 
the dark nest of the host, where tactile stimuli are 
more important than visual stimuli, such sculpture 
and pilosity can mislead the vespid host. 


Economic importance. Although a number of 
species have been reared from pest insects, various 
records show that their control is rather limited, since 
levels of parasitism are generally only between 5 to 
20 percent. Some hyperparasitic species may interfere 
with biological control by killing primary parasitoids 
such as tachinids, braconids, and ichneumonids. For 
example, Conura biannulata and immaculata attack 
pupae of the ichneumonid genus Casinaria and may 
limit the latter’s effectiveness in oil palm plantations 
and other tropical agroecosystems. The latter has also 
been reared from Apechthis zapotecus (Ichneumonidae) 


on Leptophobia aripa (Pieridae) on cruciferous crops 
(R. Cave, pers. comm.). C. petiolventris and C. pseudo- 
fulvovariegata are facultative hyperparasitoids of 
Diadegma insulare (Cordero & Cave, 1992). 
Nonetheless, some species may be locally effective 


in controlling certain pest insects, especially 
Lepidoptera. At least 15 species of Conura have been 
reared from injurious insects in oil palm plantations in 
Colombia and Ecuador (Delvare, 1993), and several of 
these species also occur in Costa Rican oil palm plan- 
tations (Mexzón € Chinchilla, 1991). C. maculata for 
example attacks Opsiphanes cassina (Nymphalidae), 
and C. magdalensis and C. miniata attack Tiquadra cir- 
cumdata (Tineidae). Because certain weeds growing in 
the understorey are highly attractive to Conura 
species, it may be possible to enhance biological 
control by maintaining these plants (Delvare & Genty, 
1992) 


Identification. A key to the 26 genera of New World 
Chalcididae is given by Boucek (1992). 


Key to subfamilies and tribes of New World 
Chalcididae 


1 Apex of hind tibia truncate (rarely sinuate) and 
mostly with two apical spurs (Fig. 11.76) ....... 
poco (Ealticbellinae)......-... e 2 

— Apex of hind tibia tapering into a spine and with 
at most one apical spur (Figs 11.63, 11.70, 
Wz A O 4 


2 Hind tibia with one apical spur; marginal vein 
long, almost half as long as costal cell, thin 
and often discoloured; head with very deep 
scrobal cavity delimited by carina. .................... 
e UN E oo RON Zavoyini (p. 298) 

— Hind tibia with two spurs; marginal vein much 
shorter than half of costal cell; head rarely 
with very deep scrobal cavity. ....................-. 3 


3 Postmarginal vein of fore wing always developed, 
even if sometimes short; marginal vein at the 
margin of the wing (Fig. 11.75)......................- 
E EA Haltichellini (p. 297) 

—  Postmarginal vein of fore wing completely 
absent; marginal vein somewhat removed 


from margin of wing (Fig. 11.78). .................... 
SR MN Hybothoracini (p. 297) 


4 Frons between antennal scrobes and eyes pro- 
truding into horns (Figs 11.80, 11.81); petiole 
present, although sometimes short, and with 
longitudinal carinae (Figs 11.84, 11.85); fore 
wing with marginal vein very long, stigmal 
and postmarginal extremely short (Fig. 11.82). . 


NS (Dirhininae) ...........Dirhinini (p. 296) 
— Frons never protruding into horns; petiole and 
wings different. ............ (Chalcidinae) ............ 5 


5  Metasoma petiolate, or at least subsessile; petiole 
with a basal flange and not sculptured, mostly 
smooth (Fig. 11.72); propodeum with spiracle 
nearly in vertical position (Fig. 11.73); fore 
coxa with a line of bristles on posterior side. 

[Antennal scrobes rarely carinate laterally.] 
A Chalcidini (p. 296) 

—  Metasoma at most subsessile, petiole very short 
and concealed; propodeum with spiracle in 
oblique direction (Fig. 11.69); fore coxa 
without line of bristles on posterior side. ...... 6 


6 Postmarginal vein much longer than the mar- 
ginal (Fig. 11.67); metasomal tergites II to IV 
strongly reduced and hidden for the most part 
under the preceding tergite (Fig. 11.66); 
female valvulae long but last tergite not pro- 
longed into a long sheath. 

[Body very distinctly cylindrical and with 
areas of dense, silvery appressed hairs.] ........... 
ORE socorro rabo Cratocentrini (p. 296) 

—  Postmarginal vein shorter than marginal; meta- 
somatdienenteee onere eene 7 


7 Malar sulcus present, at least as carina 
(Fig. 11.68); postmarginal vein distinctly 
longer than stigmal vein, the latter very short 


(Rie IEZI: 
[Antennal scrobes usually carinate laterally; 
mostly black.] .......... Brachymeriini (p. 296) 


— Malar sulcus absent, malar space entirely punc- 
tured (Fig. 11.61); postmarginal vein very 
short, at most as long as the stigmal vein 
(Fig. 11.62); interspaces of umbilic punctures 
elevated into crests on mesosoma. esseere 
Moe EARS Phasgonophorini (p. 296) 
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Figs 11.61-11.73. Chalcididae. Figs 11.61-11.63. Stypiura sp.; 11.61, head; 11.62, fore wing; 11.63, apex of hind tibia. Fig. 
11.64. Stypiura thoracica, female metasoma. Fig. 11.65. Trigonura sp., female metasoma. Figs 11.66-11.67. Acanthochalcis nigri- 
cans; 11.66, female hind leg and metasoma; 11.67, fore wing. Figs 11.68-11.71. Brachymeria sp.; 11.68, head; 11.69, 
propodeum; 11.70. apex of hind tibia; 11.71, fore wing. Fig. 11.72. Conura miniata, female petiole. Fig. 11.73. Conura femorata, 
propodeum. 


Figs 11.74-11.85. Chalcididae. Fig. 11.74, Melanosmicra variventris, female, apices of hind femur and tibia. Figs 11.75-11.77. 
Haltichella sp.; 11.75, fore wing; 11.76, hind tibia; 11.77, propodeum and base of metasoma. Figs 11.78-11.79. Notaspidium 
sp.; 11.78, fore wing; 11.79, posterior part of mesosoma and metasoma. Figs 11.80-11.84. Dirhinus sp.; 11.80, head, lateral 
view; 11.81, head, dorsal view; 11.82, fore wing; 11.83, hind femur and tibia; 11.84, female propodeum and metasoma. Fig. 


11.85. Dirhinus (Hontalia) sp., female propodeum and metasoma. 


Synopsis of the Costa Rican fauna 


There are probably between 400 and 500 species of 
Chalcididae in Costa Rica. They are most common at 
low altitudes, becoming uncommon above about 1300 
metres and apparently absent above 1600 metres. 


CHALCIDINAE 
All four tribes occur in Costa Rica. 


CHALCIDINAE: Brachymeriini. This tribe comprises two 
genera, Brachymeria and Caenobrachymeria, the 
latter known only from northeastern South America 
(Boucek, 1992). 


Brachymeria. About 200 species worldwide, with 
42 described from the Neotropics, although the actual 
number of species is much greater. Perhaps 100 
species occur in southern Central America. Most 
species are black although a few also have reddish 
markings, and I have seen one species mostly yellow 
and another with a metallic tinge; B. mexicana, with 
its yellowish wings and metasoma, resembles certain 
polistine vespids. The North American species were 
revised by Burks (1960). Biology: develop as para- 
sitoids in the pupae of a wide range of lepidopterous, 
coleopterous and dipterous hosts, and as hyperpara- 
sitoids (Steffan, 1959a; Boucek, 1988). 


CHALCIDINAE: Chalcidini. This tribe is most diverse in 
the Neotropics, where it comprises the most speciose 
and diverse group of the Chalcididae. The tribe was 
reclassified by Delvare (1992) who recognized six 
genera in the New World: Chalcis (cosmopolitan but 
mostly absent from the Neotropics), Conura, 
Corumbichalcis (Brazil), Melanosmicra, Pilismicra 
(Colombia) and Stenosmicra. Three of these are known 
to occur in Costa Rica. The metasoma is very mobile 
(unlike other Chalcidinae) and the last tergite of the 
female is short to very long. 


Conura (= Spilochalcis). A very large and extremely 
diverse genus that recently has been divided into 
three subgenera, Ceratosmicra, Conura s. str. and 
Spilochalcis. These, in turn, are divided into more 
than 60 species-groups, keys to which are given by 
Delvare (1992). Conura is primarily a New World 
genus, with probably over 1000 species in the 
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Neotropics and perhaps 250 to 300 in Costa Rica. 
Most species are yellow with black markings; C. 
dimidiata is unusual in having the basal two thirds 
of its wings black. Parasitoids of pupae of 
Lepidoptera, Chrysomelidae and their primary 
parasitoids. 


Melanosmicra. This genus is restricted to the 
Neotropics where there are about 30 species, at 
least 12 of which occur in Costa Rica. They have 
the hypopygium sclerotized in the middle and 
thickly pilose at its apex. M. flavicollis is easily dis- 
tinguished from other members of the genus by its 
flat body and the very sparse punctation of the 
mesoscutum, the interspaces being smooth and 
shining. Biology unknown. 


Stenosmicra. At least five species are present in the 
Neotropics, with two, S. exilis and S. tenuis, 
described from Costa Rica (Boucek, 1992). They 
have an elongate body, the prepectus is enlarged 
laterally, and the notauli are faint or absent posteri- 
orly. Biology unknown. 


CHALCIDINAE: Cratocentrini. This is primarily a 
palaeotropical group. The world species were revised 
by Steffan (1959c). Only one of the nine described 
genera is known to occur in the New World, and it 
has been found to occur in Costa Rica. 


Acanthochalcis. Three species: one in Madagascar 
and two in North America. A. nigricans (Figs 11.66 
and 11.67) appears to reach the southern limit of 
its distribution in northwestern Costa Rica 
(Halstead, 1987). Up to 24 mm in length; resem- 
bles Stypiura species, but the propodeum lacks a 
hairy tooth and the mesosoma is stouter. Biology: 
known hosts are various wood-boring beetles. 


CHALCIDINAE: Phasgonophorini. A pantropical group 
represented in the New World by four genera: 
Parastypiura (Brazil), Phasgonophora (North America), 
Stypiura (Neotropics) and Trigonura (North America; 
Fig. 11.65). Keys to neotropical genera and species 
are given in Steffan (1973). 


Stypiura. Southern Mexico to Brazil, about ten 
species (several of which are undescribed). S. den- 
tipes and S. serripes are the most commonly col- 


lected species in Costa Rica. First metasomal tergite 
not or hardly longer than the following tergites, the 
female valvulae slightly bent downwards at the 
apex (Fig. 11.64), and the propodeum with a hairy 
tooth laterally in front of the spiracle. Biology: prob- 
ably parasitoids of wood boring beetles. 


DIRHININAE 


This subfamily is represented in the New World by a 
single genus. Hontalia, previously treated as a distinct 
genus, has recently been downgraded to a subgenus of 
Dirhinus by Boucek (1992). 


Dirhinus. Warm regions of the world. About 15 
species in the Neotropics. The subgenus Hontalia 
can be separated from Dirhinus s. str. by the elon- 
gate body, the longer petiole which bears only one 
median carina, the metasoma not dorsally flat and 
without longitudinal carinae at its base. Biology: 
parasitoids in puparia of various Diptera, especially 
Calliphoridae, Muscidae and Sarcophagidae, and 
also Tephritidae (Boucek, 1988). 


HALTICHELLINAE 


Three of the four tribes occur in the New World. All 
are represented in Costa Rica 


HALTICHELLINAE: Haltichellini. This tribe is represented 
in the New World by six genera, four of which occur 
in Costa Rica. The other two genera are Belaspidia 
(California, Mediterranean, Central Asia) and 
Antrocephalus (Palaeotropics; one species associated 
with stored product Lepidoptera has been introduced 
to the New World). 


Aspirrhina. Costa Rica south to Brazil. At least 
seven species, with bifurca (Halstead, 1991a) and 
dubitatorR (determined by J. Halstead) known from 
Costa Rica; alvarengai is recorded from Panama. 


teeth in front of the lateral ocelli; the pronotal carina 
forms tubercles in the middle and the scutellum has 
two sharp teeth. The first metasomal tergite has a 
transverse crest and longitudinal carinae; the sixth 
tergite is clothed thickly with black setae, and is dor- 
sally produced in the female but in the male forms 
an acuminate spine. Biology unknown. 


Haltichella. Cosmopolitan, represented in the 
Neotropics by five described species (some of which 
do not belong in the genus); there are probably 
actually about 20. The neotropical species all look 
very similar. This genus and Notaspidium are the 
most common genera of Haltichellinae in the 
Neotropics. Species have an additional carina 
present on the external side of the hind tibia (Fig. 
11.76), a transverse carina present at the base of 
the metasoma followed posteriorly by 2 to 15 longi- 
tudinal carinae (Fig. 11.77). The nearctic species 
were revised by Halstead (19904). Species of this 
genus parasitize lepidopterous pupae and one Old 
World species attacks Lagriidae. In Honduras H. 
ornaticeps has been reared from pupae of the ich- 
neumonid Diadegma insulare (Cordero & Cave, 
1992) 


Hockeria. Old World, North and Central America; 
three rare species are recorded from the Neotropics, 
but the placement of one of these needs 
confirmation. H. bicolor occurs in Costa Rica. 
Hockeria species lack preorbital carinae on head, 
have the hind tibia without additional carina, and 
the metasoma regularly convex at its base, without 
carinae. The nearctic species have recently been 
revised (Halstead, 1990b). Several species are 
known to parasitize pupae of small to medium sized 
Lepidoptera, such as Tortricidae, Pyralidae and 
Psychidae, and one species has been reared from a 
free-living strepsipteran (Boucek, 1988). 


Structurally Aspirrhina is very similar to Haltichella, 
but it has conspicuous preorbital carinae turning 
dorsally between the middle and lateral ocelli, with 
an additional curved carina on the lower face joining 
the preorbital carinae to the toruli, and the scutel- 
lum is posteriorly prolonged. Biology unknown. 


Ecuada. Neotropical, comprising a single species, 
E. producta (Boucek, 1992). The head has distinct 
preorbital carinae, terminating dorsally in short 


HALTICHELLINAE: Hybothoracini. This tribe is re- 
presented in the New World by four genera, three of 
which are present in Costa Rica. The other genus, 
Schwarzella, comprises just one species in the 
southwestern United States. 


Halsteadium. An exclusively neotropical genus, 
comprising two species, both of which occur in 
Costa Rica (Boucek, 1992): alterum and petiolatum. 
The latter has been collected from the lowland 
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Atlantic plain up to over 3000 metres on the Cerro 
de la Muerte (Boucek, 1992). Halsteadium species 
resemble Notaspidium, but the metasoma has a dis- 
tinct petiole. Biology unknown. 


Notaspidium. This genus, which also occurs in 
southern Asia, is more diverse in the Neotropical 
region, where it is represented by at least 34 
species, 13 of which have been described (Halstead, 
1991b). N. giganteum and lineatum are known from 
Costa Rica; truncatum probably occurs here as well 
since it is reported both from Honduras and Brazil. 
Species are very small (1.5 to 2.0 mm in length) 
and with an evident metallic tinge (unlike other 
Chalcididae). The scutellum often protrudes back- 
wards and the propodeum is produced laterally 
backwards into sharp corners. The first metasomal 
tergite is very large, with a conspicuous transverse 
carina basally, followed by longitudinal carinae or 
striae (Fig. 11.79). The antennae of both sexes are 
similar. Biology unknown, but possibly associated 
with beetles in wood (Hespenheide, pers. comm.). 


Psilochalcis (= Invreia). Primarily an Old World 
genus that is also represented in North America, and 
with one species present in Central America as far 
south as Costa Rica. It has the body black, the scutel- 
lum rounded or very slightly bilobed and never pro- 
truding backwards into a spine. The metasoma is 
without basal carinae. Three of the four North 
American species have been reared from Elasmopalpus 
lignosellus (Pyralidae) (Grissell & Schauff, 1981). 


HALTICHELLINAE: Zavoyini. A small tribe comprising 
only a single genus. 


Zavoya. Restricted to the Neotropics where three 
species have recently been described (Boucek, 
1992). Two of these, Z. cooperi and Z. parvula, are 
known from Costa Rica. The eyes have sparse long 
hairs, the scutellum is produced into a long hori- 
zontal horn and the first metasomal tergite is very 
large, dorsally flat and striate. Biology unknown. 
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Diagnosis. Elongate wasps, about 0.6 to 3.5 mm in 
length; body colour varying from black or brownish 
with various metallic lustres and with a few small, 
yellow areas, to mostly or entirely yellow. Antenna 
10-segmented with a 3-segmented funicle in female 
and a 4-segmented funicle in male, the three basal- 
most segments each bearing a dorsal ramus (branch) 
in the male. Dorsellum with hyaline, triangular-shaped 
lamella. Fore wing wedge-shaped; marginal vein long, 
postmarginal and stigmal veins reduced. Hind coxa 
expanded and flattened; mid and hind femora flattened; 
fore tibial spur short, straight; hind tibia with conspicu- 
ous, flattened spines forming elongate or diamond-shaped 
patterns; tarsi 4-segmented. Metasoma subsessile, 
central part triangular in cross section. 


Classification and distribution. The family 
Elasmidae contains only the genus Elasmus, with 
203 currently recognized species worldwide (Noyes, 
1990). Although the genus is cosmopolitan in distri- 
bution, most species occur in the Old World tropics. 
Some classifications (Peck et al., 1964; Trjapitzin in 
Medvedev, 1978) have included at least one genus 
from what is now regarded by many systematists as 
the subfamily Eriaporinae of the family Aphelinidae 
(Ghesquiére, 1955). Structural similarities between 
Elasmus and the eriaporines are most likely due to 
convergence (Compere, 1947; Ferriére, 1947). The 
genus Elasmus has also been classified in the subfam- 
ily Elasminae of the family Eulophidae (Riek, 1967, 
1970; Burks in Krombein et al., 1979; De Santis, 
1979, 1980), but an adequate phylogenetic 
analysis has not been presented to justify such a 
classification. 


Biology. The larvae of most species of Elasmus are 
gregarious, primary ectoparasitoids of larvae or pre- 
pupae of leaf-mining, leaf-rolling, web-spinning, and 
casemaking Lepidoptera. Many species are facultative, 
some possibly obligatory, hyperparasitoids of these lep- 
idopterans, primarily via cocooned prepupae of 
Braconidae and Ichneumonidae. A few species are 
primary ectoparasitoids of Polistes wasps (Vespidae) 
(Reed & Vinson, 1979; De Santis, 1981), and of leaf- 
mining beetles (Chrysomelidae: Hispinae) (Taylor, 


Fig. 11.86. Elasmus sp. (Elasmidae). 


1937). In Costa Rica, Elasmus adults have been reared 
from two species of Scythrididae, two species of 
Gracillariidae, and from the leaf-mining beetles 
Chalepus sp. and Octhispa sp. (Chrysomelidae) 
(Memmott et al., 1994). They have also been reared 
from the cocoon mass of a gregarious species of 
Cotesia (Braconidae) on the sphingid, Erinnyis ello (P. 
Hanson, pers. comm.). 

Species of Elasmus employ an idiobiont strategy, 
whereby hosts are paralysed in a protective enclosure 
(e.g. leaf mine, rolled leaf, cocoon, paper nest) and the 
parasitoid larva consumes this defenceless host. The 


number of eggs laid per host by a female parasitoid 
depends on host size and the number of mature eggs 
in the female’s ovaries which may be less than ten 
(Taylor, 1937). Multiple parasitism may result in as 
many as 103 (Reed & Vinson, 1979) and 170 
(Cherian & Israel, 1937) eggs per host. The eggs are 
elongate-oval (Parker, 1924) or elongate curved with 
one end wider than the other (Clausen, 1940b; Reed 
& Vinson, 1979; Peter & David, 1990). The larva is 
hymenopteriform, distinctly segmented (Clausen, 
1940b), and may have median pseudopodia situated 
intersegmentally, from the posterior margin of the 
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second thoracic segment back to the penultimate 
segment. These pseudopodia are thought to aid loco- 
motion (Taylor, 1937). There are normally four pairs 
of spiracles in the first instar, and nine (Clausen, 
1940b) or ten (Reed & Vinson, 1979) pairs in later 
instars. 

There are three or four larval instars and the life 
cycle from egg to adult takes around two to three 
weeks, although pupae may pass a prolonged dormant 
period inside the host enclosure. Adult sex ratio is 
usually female biased, but this ratio may vary depend- 
ing on host stage and size, and whether or not 
Elasmus larvae feed solitarily or gregariously (Clausen, 
1940b). Generally speaking, younger or smaller hosts, 
and fewer parasitoid larvae per host, will result in 
more male parasitoids. Although most species are 
arrhenotokous, some: species occasionally tend 
towards thelytoky, with males becoming extremely 
rare (Miller et al., 1987). 


Economic importance. Species of Elasmus attack 
many economically important pests, although none 
have yet been found to be effective control agents. 
This may be due to a propensity towards hyperpara- 
sitism and gregariousness (Naumann & Sands, 1984; 
Miller et al., 1987). There is, however, the possibility 
that species of Elasmus may be useful when combined 
with other species in biological control programmes 
(Ramachandra Rao & Cherian, 1927). 


Identification. Keys to the North American 
Elasmus species were provided by Burks (1965). Keys 
to the New World species will soon be available 
(Coote, in prep.). 


Synopsis of the Costa Rican fauna. 


There are 31 recognized species of Elasmus in the New 
World (Burks, 1965; De Santis, 1979, 1980, 1981) 
and these are currently being revised (Coote, in prep.). 
Although E. maculatus is the only species that has 
been recorded previously from Costa Rica (De Santis, 
1979), there are at least 20 species of Elasmus present 
in the country. They have been collected from sea- 
level up to 2600 metres altitude. 


11.5 ENCYRTIDA 


John S. Noyes 


Diagnosis. About 0.5 to 3.0 mm long, robust, 
usually fully winged, rarely brachypterous. Antennal 
flagellum in female cylindrical to very broadly 
flattened, 4- to 9-segmented, in male cylindrical to 
slightly flattened or with branched segments, 3- to 8- 
segmented; anellus usually absent in both sexes; 
apical segment larger than preceding segments, or 
apical two to four segments forming a distinct clava. 
Pronotum strongly transverse; mesoscutum normally 
without. notaular lines, but if present extremely shallow 
and meeting near posterior margin of mesoscutum; 
anterior margins of axillae forming a straight line; 
scutellum shield-shaped; prepectus moderately large 
and free, not forming shoulders in dorsal view; meso- 
pleuron (or acropleuron) convex, undivided, occupying 
more than half the mesosoma in side view, often touch- 
ing the second segment of metasoma. Fore wing with a 
bare line (linea calva) extending obliquely across wing 
from stigmal vein; marginal vein generally very short. Mid 
coxa, in profile, level with middle of mesopleuron; mid 
tibial spur relatively long and stout, usually subequal 
in length to mid basitarsus. Metasoma most often 
broadly attached to mesosoma; tergites VIII and IX 
fused; cercal plates usually well advanced (situated 
anteriorly); ovipositor hidden or well exserted; outer 
plates of ovipositor separated from tergite VIII, at most 
connected by a weak membrane or an elongate sclero- 
tized strip. 

Encyrtids, like eupelmids and. tanaostigmatids, 
have the mesopleuron greatly enlarged, but in 
Tanaostigmatidae and Eupelmidae the mid coxal inser- 
tion is level with the posterior margin of the mesopleu- 
ron or nearly so, whereas in all Encyrtidae the mid 
coxa is inserted level with the mid line of the meso- 
pleuron. Furthermore, neither Tanaostigmatidae nor 
Eupelmidae have a linea calva on the fore wing. The 
small robust body of Encyrtidae resembles Aphelinidae, 
but the latter have well-marked notaular grooves and 
a relatively long marginal vein in the fore wing. 


Classification and distribution. The Encyrtidae 
and the Tanaostigmatidae are probably sister-groups 
that arose from within a lineage that also includes the 
Eupelmidae (LaSalle & Noyes, 1985; LaSalle, 1987; 
Gibson, 1989). Synapomorphies of the Encyrtidae pos- 
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Fig. 11.87. Mariola sp. (Encyrtidae). 


sibly include the presence of a linea calva in the fore 
wing, advanced mid coxae, and advanced cercal plates 
with separation of the outer plates of the ovipositor 
from the ninth abdominal tergite. 

Trjapitzin (1973a & b, 1989) discussed the different 
systems of classification of Encyrtidae and proposed 
dividing the family into two subfamilies, Encyrtinae 
and Tetracneminae (Table 11.5). While this is perhaps 
the most practical division presently available, the 
proposed subfamilies are not necessarily monophyletic 
groups. Trjapitzin (1973a) recognized 12 tribes within 
the Tetracneminae and 36 tribes within the 
Encyrtinae, but later (Trjapitzin, 1989) reduced these 
to 11 and 34 tribes, respectively. Many of these tribes 
are based on very minor differences, and for this 
reason a tribal classification is not presented here. 

The family Encyrtidae contains about 3000 
described species worldwide and is most diverse in 
tropical and subtropical areas (Noyes, 1989, 1990). 
Currently about 450 valid genera are recognized, 
although some authors recognize as many as 500 to 
600 genera. Thus far about 700 species and 130 


Character 


Fore wing linea 
calva 


Filum spinosum 
Outer plates of 
ovipositor 


Syntergite 


Hypopygium 


Third valvulae 
(gonostyli) 


Tetracneminae 


marginal setae 
undifferentiated 


usually not developed 
connected to tergite 
IX via paratergites 
(narrow filaments) 
variable in shape 
extending slightly 
beyond apex of 


syntergites 


usually fused to 
second valvulae 


Encyrtinae 


setae longer and 
thicker basally 


usually present 
not connected to 
tergite IX via 


paratergites 


mostly V- or U- 
shaped 


variable 


usually articulated 
with second 
valvifers 


Table 11.5. Differences between the two subfamilies 
of Encyrtidae, 


EI 


Host group 


ACARINA 
Ixodidae 


ORTHOPTERA 
Tettigoniidae 
various families 


HEMIPTERA 
Coreidae 
Pentatomidae 
Scutelleridae 
various families 


HOMOPTERA 

(Auchenorrhyncha) 
Cercopidae 
Cicadellidae 
Delphacidae 
Membracidae 
Various families 

(Sternorrhyncha) 
Aclerdidae 
Aleyrodidae 
Aphididae 
Asterolecaniidae 
Coccidae 


Diaspididae 


Dactylopiidae 
Eriococcidae 
Kermesidae 
Kerriidae 
Lecanodiaspididae 
Margarodidae 
Ortheziidae 
Psylloidea 


Pseudococcidae 


NEUROPTERA 
Ascalaphidae 
Chrysopidae 
Coniopterygidae 
Hemerobiidae 


COLEOPTERA 
Anobiidae 
Bruchidae 
Buprestidae 


Table 11.6. Continued opposite. 


Encyrtid parasitoid 


Ixodiphagus (N) 


Ooencyrtus (E) 
Meromyzobia (E) 


Hexacladia (N) 
Hexacladia (N) 
Hexacladia (N) 
Ooencyrtus (E) 


Carabunia (N) 

Hexacladia (N). Meniscocephalus (N) 

Ooencyrtus (H) 

Prionomastix (N) 

Agarwalencyrtus, Cheiloneurus, Helegonatopus (all H) 


Bennettisca, Cheiloneurus (H), Meromyzobia (H), Microterys (H), Mucrencyrtus 

Metaphycus 

Ooencyrtus, Syrphophagus (H) 

Metaphycus 

Ammonoencyrtus, Anicetus, Blastothrix, Cheiloneurus (H),Coccidaphycus, Coccidoctonus (H), 
Eusemion, Gahaniella (FH), Metaphycus, Microterys, Prochiloneurus (H), Trichomasthus 

Adelencyrtus, Ameromyzobia, Arrhenophagus, Cheiloneurus (H), Coccidencyrtus, Homalopoda, 
Epitetracnemus, Metaphycus, Neococcidencyrtus, Plagiomerus, Pseudhomalopoda, 
Thomsonisca, Trichomasthus, Zaomma (H) 

Anagyrus, Tetracnemoidea 

Acerophagoides, Metaphycus, Microterys, Trichomasthus, Zaomma (H) 

Blastothrix, 

Metaphycus, Microterys 

Microterys 

Brethesiella 

Cheiloneurus (H) 

Cercobelus (N), Metaphycus (N), Prionomitus (N), Psyllaephagus (N), Sectiliclava (A), 
Syrphophagus (H), Trechnites (N) 

Acerophagus, Acroaspidia, Aenasius, Anagyrus, Aphycus, Apoanagyrus, Blepyrus, 
Bothriocraera, Cheiloneurus (H), Coccidoctonus (H), Coccidoxenoides, Ericydnus, 
Euryrhopalus, Gahaniella (H), Gyranusoidea, Hambletonia, Leptomastix, Leptomastidea, 
Microterys, Neodusmetia, Prochiloneurus (H), Pseudaphycus, Pseudectroma, 
Pseudleptomastix, Rhopus, Tetracnemus, Tetracnemoidea, Zaplatycerus, Zarhopalus 


Ooencyrtus (E) 
Isodromus (L) 
Trjapitzinellus (L) 
Isodromus (L) 


Cerchysius (L) 
Lamennaisia (L) 
Avetianella (E), Szelenyiola (E) 


cyri 


Cerambycidae Avetianella (E), Cerchysius, Ooencyrtus (E) 

Cleridae Cerchysius (L) 

Chrysomelidae Ooencyrtus (E) 

Coccinellidae Anagyrus (L), Cheiloneurus (L), Coccidoctonus (L), 
Homalotylus (L), Ooencyrtus (L), Prochiloneurus 

Cryptophagidae Cerchysiella (L) 

Erotylidae Cerchysiella (L) 

Lathridiidae Lamennaisia (L) 

Nitidulidae Cerchysiella (L) 

Scolytidae Avetianella (E), Szelenyiola (E) 

Silvanidae Cerchysiella (L) 


LEPIDOPTERA 


Gelechiidae 
Gracillariidae 
Lyonetiidae 
Nepticulidae 
Psychidae 
Pterophoridae 
Pyralidae 
Tineidae 
Tortricidae 
Yponomeutidae 
Various 


DIPTERA 


Cecidomyiidae 
Ceratopogonidae 
Chamaemyiidae 
Chloropidae 
Muscidae 
Phoridae 
Pipunculidae 
Sarcophagidae 
Syrphidae 
Tachinidae 
Tephritidae 


HYMENOPTERA 


Aphelinidae 
Apidae 
Braconidae 
Dryinidae 
Encyrtidae 
Eurytomidae 
Ichneumonidae 
Pteromalidae 
Various families 


Paralitomastix (E, L) 

Paraleurocerus (L) 

Parablastothrix (L) 

Parablastothrix (L) 

Ageniaspis (L), Apsilophrys (L) 

Ageniaspis (L) 

Copidosomopsis (see text), Paralitomastix (see text) 

Ageniaspis (L) 

Copidosomopsis (see text) 

Ageniaspis (L) 

Copidosoma (E, L, PP), Epiencyrtus (H), Ooencyrtus 
(E, L-H), Tyndarichus (L-H) 


Coccidoctonus (L) 

Forcipestricis (L, P) 

Cerchysius, Cheiloneurus, Meromyzobia (all L) 
Ooencyrtus (P) 

Cerchysiella (L), Cerchysius (L) 

Exoristobia (P) 

Agarwalencyrtus 

Exoristobia (P) 

Bothriothorax (L, P), Exoristobia (P), Ooencyrtus (L), Syrphophagus (L) 
Exoristobia (PP, P, FH) 

Cerchysiella 


Cheiloneurus, Syrphophagus 

Coelopencyrtus 

Syrphophagus 

Cheiloneurus, Helegonatopus 

Cheiloneurus, Coccidoctonus, Epiencyrtus, Gahaniella, Procheiloneurus, Tyndarichus, Zaomma 
?Lamennaisia 

Epiencyrtus 

Coccidoctonus 

Ooencyrtus 


Table 11.6. The likely host associations of the encyrtid genera occurring in Costa Rica. A = parasitoid of adult; 
E = egg parasitoids; FH = facultative hyperparasitoids; H = hyperparasitoids; L = larval parasitoids; N = nymphal 
parasitoids; P = pupal parasitoids; PP = prepupal parasitoids. Where the host stage attacked is not known or 
embraces many stages no letter is given. 


genera of Encyrtidae have been found in Costa Rica, 
but most of the species (at least 90 percent) and about 
20 genera are undescribed. 


Biology. Most species of Encyrtidae are primary 
endoparasitoids of other arthropods, or hyperpara- 
sitoids via other hymenopterous parasitoids. A few 
species of Microterys, however, have been recorded as 
predators of the eggs of scale insects (Coccidae) 
(Silvestri, 1919; DeBach, 1939; Sugonjaev, 1984; 
Voynovich & Sugonjaev, 1989). Most encyrtids para- 
sitize Homoptera, with about one third of the species 
being recorded from mealybugs (Pseudococcidae) and 
another third from soft scales (Coccidae). 


Host range. The host-parasitoid relations of Encyrtidae 
in general have been discussed in some detail by 
Trjapitzin (1972, 1979) and summarized by 
Tachikawa (1978, 1981). The likely host associations 
of the encyrtid genera occurring in Costa Rica are 
given in Table 11.6. 

The degree of host specificity is not very well 
known, but where adequate information is available it 
appears that specificity varies between encyrtid 
species. Leptomastix dactylopii has been recorded reli- 
ably from over 20 species of mealybugs (Noyes & 
Hayat, 1994) and Ooencyrtus submetallicus attacks not 
only eggs of Hemiptera and Lepidoptera, but also 
pupae of a chloropid fly (Noyes, 1985). Copidosoma 
floridanum attacks several species of Noctuidae, but 
nearly all belong to the subfamily Plusiinae (Noyes, 
1989). On the other hand the Indian species 
Gyranusoidea tebygi appears to be host-species specific 
(Narasimham & Chacko, 1988; Willink & Moore, 
1988) as does the Afrotropical species Comperia 
merceti (Gordh, 1973). 


Oviposition. Host-feeding, which may be responsible for 
up to 25 percent of the deaths caused by an encyrtid, 
has been observed in Apaoanagyrus (Umeh, 1988), 
Gyranusoidea (Willink & Moore, 1988), Comperiella 
(Flanders, 1944), Habrolepis (Hafez et al., 1971) and 
Microterys (Kfir & Rosen, 1980). No host-feeding was 
observed in Comperia (Gordh, 1973), nor in 
Cheiloneurus paralia, a hyperparasitoid of encyrtid 
primary parasitoids attacking soft scales (Kfir & Rosen, 
1981). Encyrtus infelix, a common parasitoid of soft 
scale on coffee and other plants, emerges from the 
host with most of its eggs already developed 


(Embleton, 1904) and therefore probably does not 
need to host-feed. The same appears to be true of 


Carabunia myersi, a parasitoid of the cercopid, 
Clastoptera (Myers, 1930). 

Most encyrtids oviposit into the larval/nymphal 
stage of their host. Among encyrtids attacking 
Coccoidea, some, such as Encyrtus infelix, Anagyrus 
kamali and Gyranusoidea tebygi, oviposit into the 
younger instars (Embleton, 1904; Moursi, 1948a; 
Willink & Moore, 1988), while others such as 
Leptomastix . dactylopii and Leptomastidea abnormis 
oviposit into third instars or adults (Kirkpatrick, 1953; 
Jong & Alphen, 1989). All encyrtids that parasitize 
Orthoptera and several of those that parasitize 
Coleoptera or Lepidoptera are egg parasitoids. Pupal 
parasitoids are restricted to certain species associated 
with Diptera, while parasitoids of the adult stage 
include Sectiliclava from adult Psylloidea (Robinson, 
1961), Hexacladia from adult Hemiptera (Burks, 1972) 
and, as stated above, many species that attack 
Coccoidea. 

All egg parasitoids and probably most pupal para- 
sitoids are idiobionts, whereas many of those attack- 
ing the larval stage are koinobionts. An example of a 
koinobiont species occurring in Costa Rica is Carabunia 
myersi, a parasitoid of cercopids of the genus 
Clastoptera (Bennett & Hughes, 1963). Some of the 
encyrtids parasitizing Lepidoptera, such as Copidosoma 
and Paralitomastix, oviposit into the host egg but 
develop only when the host is a mature larva or 
prepupa. Bothriothorax and Forcipestricis, which attack 
Diptera, oviposit in the host larva and complete devel- 
opment in the pupa. 

Hyperparasitoids oviposit into the second to fifth 
instar larvae of the primary parasitoid (Kfir & Rosen, 
1981). The hyperparasitoid is unable to discriminate 
between a parasitized and an unparasitized host 
without drilling into it with her ovipositor (Weseloh & 
Bartlett, 1971). The larva of the hyperparasitoid feeds 
within the body of its parasitoid host, but just before 
completing its development it emerges, feeds ectopara- 
sitically for a short time, and then pupates near the 
remains of the primary parasitoid inside the 
mummified remains of the host (e.g. Kanuck & 
Sullivan, 1992). 

The majority of encyrtids are solitary parasitoids, 
laying only one egg per host, but some species, e.g. 
Carabunia myersi, may adjust the number of eggs laid, 
and thus be either solitary or gregarious (Myers, 


1930). A few encyrtids are polyembryonic, with mul- 
tiple individuals developing from a single egg. In these 
species the number of individuals developing in a host 
varies from fewer than 20 (e.g. Ageniaspis spp., para- 
sitoids of Yponomeutidae) to more than 1000 (e.g. 
Copidosoma spp., parasitoids of Noctuidae). Species of 
Epiencyrtus are polyembryonic hyperparasitoids, and 
in Costa Rica a species of this genus was reared from 
Enicospilus sp. (Ichneumonidae) parasitizing a sat- 
urniid caterpillar. More than 1000 individuals 
emerged from the prepupa of the ichneumonid 
(Janzen, pers. comm.). One of the most commonly 
encountered polyembryonic species in Costa Rica is 
Copidosoma floridanum, a cosmopolitan egg/larval par- 
asitoid of plusiine noctuids. Only one sex develops 
from an individual parasitoid egg (Strand, 1989), yet 
both sexes typically emerge from a single parasitized 
caterpillar. Thus the female must be laying both 
unfertilized and fertilized eggs in an individual 
host egg (Hardy et al., 1993). The embryogenesis of 
C. floridanum is described in detail in Baehrecke and 
Strand (1990). 


Immature stages. The ovarian egg is described as being 
‘encyrtiform’ with the egg proper connected to a bulb 
by a narrow stalk (Maple, 1947). There is frequently 
an aeroscopic plate extending the length of the egg 
proper and most of the stalk, and in some species 
there is a small cluster of cells just below the bulb. 
When the egg is inserted into the host it often remains 
attached to the host’s integument by the egg stalk, 
with the collapsed bulb protruding to the outside. In 
species where the larva is apneustic (see below), the 
egg is easily dislodged and floats free. Generally the 
bulb and neck of the egg collapse shortly after oviposi- 
tion and are visible only as a small peduncle (Maple, 
1947; Viggiani & Maresca, 1973). In at least one 
species (Ooencyrtus nezarae) the protruding part of the 
egg stalk is used as a marker to enable females to dis- 
criminate between parasitized and unparasitized eggs 
(Takasu & Hirose, 1988). 

The first instar larva is 11-segmented (Moursi, 
1948a-c; Chumakova, 1961; Kfir & Rosen, 1980) or 
13-segmented (Domenichini, 1951; Zinna, 1960a; 
Rosen & Róssler, 1966; Viggiani € Maresca, 1973; 
Delvare et al., 1981; Boussienguet, 1988), varies in 
shape from spherical to elongate, and is caudate, 
vesiculate, or hymenopteriform in form. Caudate 
larvae sometimes have a bifurcate ‘tail’, and such an 


appendage is frequently found in species that para- 
sitize Coccidae. Vesiculate larvae have a caudal vesicle 
and sometimes a ring of fleshy protuberances around 
each of the first twelve segments. In some species (e.g. 
of Apoanagyrus, Diversinervus and Leptomastidea) the 
early instar larva is apneustic, i.e. lacks functioning 
spiracles (Maple, 1947; Viggiani € Maresca, 1973; 
Rosen & Alon, 1983). The so-called encyrtiform 
larvae (such as are found in Anagyrus, Microterys, 
Leptomastix and Pseudleptomastix) are more or less 
hymenopteriform, but are metapneustic, i.e. with only 
a terminal pair of spiracles (Maple, 1947; Moursi, 
1948a-c; Zinna, 1960a; Kfir € Rosen, 1980). 
Metapneustic larvae develop with their spiracles in 
contact with the aeroscopic plate of the egg, which 
protrudes from the integument of the host, thus allow- 
ing the larva access to atmospheric oxygen (Moursi, 
1948a-c; Domenichini, 1951; Zinna, 1960a; Rosen 
and Róssler, 1966; Nenon € Biassangama, 1985). 
The tracheal system becomes well developed by the 
end of the second or third instar (Moursi, 1948a « b; 
Viggiani & Maresca, 1973; Delvare et al., 1981) and 
the connection with the egg is severed during the final 
larval instar. 

The number of larval instars varies from three to 
six. For example there are three in Carabunia myersi 
(Myers, 1930) and O. venatorius (Gerling et al., 1976), 
four in Apoanagyrus lopezi (Löhr et al, 1989) and 
Encyrtus infidus (Kon, 1974), five in Ooencyrtus 
kuvanae (Parker, 1933) and six in Leptomastix 
phenacocci (Moursi, 1948a—c) and Anagyrus pseudococci 
(Rosen & Róssler, 1966). However, the number of 
larval instars is difficult to ascertain accurately, as 
exemplified by the fact that Ooencyrtus kuvanae has 
been credited with both three (Crossman, 1925) and 
five (Parker, 1933), and Encyrtus infelix with four 
(Embleton, 1904) and five (Thorpe, 1936). 

The encyrtid egg or larva may be encapsulated by 
the host (Driesche et al., 1986; Blumberg, 1988), and 
in some cases the rate of encapsulation can be quite 
high. Up to 25 percent of the eggs laid by Apoanagyrus 
lopezi are encapsulated in its normal host, Phenacoccus 
manihoti, although the larvae can frequently escape 
from the capsule and survive (Giordanengo & Nenon, 
1990). In Leptomastix dactylopii the egg is coated with 
minute proteinaceous spherulae which probably 
prevent encapsulation of the egg by the host (Barbier 
& Rambault, 1985; Barbier et al., 1988). This may 
explain the very wide range of hosts that have been 


reported for this species. LeBeck (1989) observed that 
the female of Comperia merceti injected yeast-like 
micro-organisms into the eggs of its cockroach host. 
These yeast-like cells are found in the haemolymph 
and gut of all stages of the parasitoid, and in the 
poison gland reservoir of the adult female. Their func- 
tion is not known, but the relationship appears to be 
symbiotic. 

In the polyembryonic species, Copidosoma flori- 
danum, there are usually more than 1000 parasitoid 
larvae present in the parasitized caterpillar, and of 
these, five percent are destined to never reach adult- 
hood. These 'precocious' larvae differentiate sooner 
than normal larvae and they are larger, with well 
developed mandibles. When the same host is para- 
sitized by the braconid, Microplitis demolitor, the latter 
usually dies, perhaps via physiological suppression 
resulting from a secretion from the labial glands of the 
precocious larva (Strand et al., 1990). On the other 
hand, in the closely related Copidosomopsis tanyt- 
memus, the precocious larva is thought to physically 
attack competitors (Cruz, 1981, 1986b). 

During the prepupal stage of encyrtids eight pairs 
of spiracles become functional and the caudal pair 
ceases to function. The pupa is sometimes formed 
inside a 'cocoon' or sheath (Moursi, 1947a; Zinna, 
1960a & b; Rosen and Rossler, 1966; Werner and 
Williams, 1985), which is connected to the tracheal 
system of the host, as in Encyrtus (Embleton, 1904; 
Clausen, 1932; Thorpe, 1936; Kon, 1974), Carabunia 
(Bennett & Hughes, 1963), and Metaphycus (Alam, 
1957, 1959). The 'cocoon' is probably formed from a 
viscous secretion produced by both the salivary and 
ileac glands (Flanders, 1938). In some species the 
male pupa differs from the female pupa in being 
noticeably darker (Domenichini, 1951; Rosen & Alon, 
1983). Although most encyrtids kill their host prior 
to pupation in a few species with large hosts, such as 
Carabunia spp. (in Cercopidae) and Hexacladia spp. 
(hemipteran nymphs), the host may not die until the 
adult parasitoids have emerged (Costa Lima, 1930; 
Bennett & Hughes, 1963; Rasplus et al., 1990). 

Development from egg to adult normally takes 
between 14 and 45 days, depending on the species 
and ambient temperature (Lloyd in Zinna, 1960a; 
Viggiani & Maresca, 1973; Willink & Moore, 1988). 
The rate of development is sometimes related to the 
age and size of the host, with development being more 
rapid in larger hosts (Moursi, 1948c; Lohr et al., 


1989; Umeh, 1988). In some species, e.g. Comperiella 
and Zaomma, the adults remain within the host 
mummy for some time after emerging from the pupa 
(Compere & Smith, 1927; Taylor, 1935). 


Adult biology. The majority of encyrtids are arrheno- 
tokous, although many thelytokous species are 
known. Species that are normally thelytokous may 
produce males if the female wasp is exposed to high 
temperatures during her development (Gordh & Lacey, 
1976), or if.she is exposed to a combination of high 
temperatures and an unfavourable host (Flanders, 
1942). In Ooencyrtus submetallicus sexual mosaics can 
be produced by allowing the parasitoids to develop at 
a certain critical temperature (Wilson & Woolcock, 
1960a & b; F. Wilson, 1962). Arrhenotokous species 
may produce unusually high proportions of males if 
reared on an abnormal host (Teran & DeBach, 1963) 
and the food plant of the host may also affect the sex 
ratio of the parasitoid (Flanders, 1942). 

Mating has been observed in Anagyrus (Avidov 
et al., 1967; Boussienguet, 1988), Plagiomerus 
(Gordh & Lacey, 1976), Habrolepis (Hafez et al., 
1971), Cerchysiella (Werner & Williams, 1985), 
Tachinaephagus (Olton & Legner, 1974) and Comperia 
(Gordh, 1973). In some species females are ready to 
mate immediately after emerging from the host, but 
in Cerchysiella the female may not be receptive for at 
least 90 minutes after emergence, and during this 
period will reject advances by males (Werner & 
Williams, 1985). Males often mate with more than 
one female, while females usually mate only once. In 
Comperia the male follows a female until she stops, 
whereupon he begins to bite at the apex of her meta- 
soma. If he is not rejected the male places his fore 
legs on the female's metasoma and thrusts his meta- 
soma forward until contact is made. Courtship and 
copulation may last less than 15 seconds. In 
Anagyrus the male approaches the female from the 
side or from the front, and if not rejected, he climbs 
onto her mesosoma. He places his head just above 
that of the female and after several seconds moves 
backwards to copulate for several more seconds. The 
male then resumes the precopulatory position at the 
anterior end of female's mesosoma, moving his meta- 
soma rhythmically up and down. After about two 
minutes the female starts moving around and the 
male rides her for another two minutes before 
dismounting. 


Under favourable conditions females of some 
species begin to lay eggs immediately after emergence 
(Smith, 1917), while in others oviposition does not 
occur for 48 hours (Kfir & Rosen, 1981; Willink & 
Moore, 1988;). Some lay between five and ten eggs 
per day, up to a total of 45 under laboratory condi- 
tions (Rivnay & Perzelan, 1943; Kirkpatrick, 1953). 


Economic importance. The Encyrtidae is second 
only to Aphelinidae in terms of numbers of successes 
in classical biological programmes. The first recorded 
case of an encyrtid species being introduced purpose- 
fully for control purposes was when Albert Koebele 
introduced Copidosoma floridanum (C. truncatellum 
misident.) into Hawaii from eastern North America in 
1898, in an attempt to control the noctuid 
Chrysodeixis chalcites, a pest of ornamental and garden 
plants. It may have become established and partially 
suppressed populations of the moth (Swezey, 1931). 
Since then there have been many successful biological 
control programmes utilizing Encyrtidae (e.g. Clausen, 
1978; Bosch et al., 1982; Carver et al., 1987; 
Neuenschwander, 1989). Noyes & Hayat (1994) have 
summarized all biological control programmes, up to 
the end of 1993, that use Encyrtidae. 

One of the most recent successful biological control 
programmes using an encyrtid involved the cassava 
mealybug, Phenacoccus manihoti. This pest was first 
reported in Zaire in 1973 and within a few years it had 
infested nearly the whole of tropical Africa, devastating 
the primary source of nutrition for 200 million people 
(Herren & Neuenschwander, 1991). It was thought that 
the mealybug had originated in Central America or 
northern South America, but parasitoids from this 
region failed to reproduce on the mealybug in Africa. It 
was then realized that two closely related mealybugs 
were involved, one from Central America and the other, 
the true P. manihoti, from central South America. In 
1980 the search for natural enemies of the cassava 
mealybug switched to Paraguay, Bolivia and southern 
Brazil and very soon a number of parasitoids and preda- 
tors had been recovered. One encyrtid, Apoanagyrus 
lopezi, immediately gave spectacular control in field 
trials in Nigeria. By 1990 this parasitoid had been suc- 
cessfully established in 24 African countries and had 
spread over more than 12.7 million square kilometres 
(Neuenschwander, 1990). The mealybug is now under 
complete control throughout the whole of its range in 
Africa (Neuenschwander, pers. comm.) and it is esti- 


Pest Encyrtid parasitoid 
HOMOPTERA 
PSEUDOCOCCIDAE 
Antonina graminis 
Dysmicoccus boninsis 
Nipaecoccus nipae 
Planococcus citri 


Neodusmetia sangwani* 
Anagyrus saccharicola* 
Pseudaphycus utilis 
Leptomastidea abnormis*, 
Leptomastix dactylopii* 
Pseudococcus longispinus Anagyrus fusciventris* 
Saccharicoccus sacchari A. saccharicola* 


COCCIDAE 
Saissetia spp. 
various coccids 


Metaphycus helvolus* 
Encyrtus infelix, E. lecaniorum 


PSYLLIDAE 
Heteropsylla cubana 


Psyllaephagus yaseeni 


HEMIPTERA 
Nezara viridula and 
others 


Ooencyrtus submetallicus 


LEPIDOPTERA 
plusiine Noctuidae 
phycitine Pyralidae 
various 


Copidosoma floridanum 
Copidosomopsis plethoricus 
Ooencyrtus submetallicus 


Table 11.7. Encyrtids and the pests they are known 
to attack in Central America. Species believed to be 
exotics are indicated with an asterisk. 


mated that the overall benefit:cost ratio is at least 
$149:1, or perhaps more than $250 million per annum 
(Norgaard, 1988). 

There have been very few deliberate introductions 
of exotic encyrtid species into Central America, but 
many indigenous species are undoubtedly important 
natural enemies of some insect pests (see Table 11.7). 
In addition to these, some exotic species have estab- 
lished themselves in the region where they are 
playing a major role in controlling pests. These 
adventitious encyrtids presumably either arrived 
together with their host or they dispersed throughout 
the region from areas where deliberate importations 
occurred. One example is the Old World encyrtid 
Neodusmetia sangwani. This brachypterous insect, 
which was introduced into the southern United States 
to control the rhodesgrass mealybug (Antonina 
graminis), is now widespread in Central America 
where it is benefiting ranchers by controlling popula- 
tions of the rhodesgrass mealybug. Although a mone- 
tary estimate of this benefit is not available for 


Central America, in the United States it has been 
estimated to be worth at least $200 million per year 
(Dean et al., 1979). 


Identification. Useful references for the 
identification of Encyrtidae include: De Santis, 1964 
(revision of Argentinian species); Trjapitzin & Gordh, 
1978a & b (key to nearctic genera); Noyes, 1980 
(review of neotropical genera). 


Synopsis of the Costa Rican fauna 


Presently 700 species of Encyrtidae are known from 
Costa Rica, but the true number may be closer to 1000. 
These species belong to 109 described genera, and pos- 
sibly as many as 20 undescribed genera. Some of these 
genera are represented in Costa Rica by a surprisingly 
large number of species. For example there are at least 
40 species of Ooencyrtus, although previously only 17 
species were recognized for the entire Neotropical 
region (Noyes, 1985; De Santis, 1988). Other large 
genera in Costa Rica are Rhytidothorax with at least 45 
species, Copidosoma with at least 35 species, Anagyrus 
with at least 30 species, Forcipestricis with at least 25 
species, and Metaphycus with at least 25 species. 

The family is present throughout Costa Rica, but the 
vast majority of species seem to be restricted to lower 
altitudes, below 1500 metres. Recent extensive collect- 
ing indicates that the encyrtid fauna of lowland areas 
can be divided into two distinct types. The first type is 
found in the northwest of the country, where there is a 
pronounced dry season. Here the encyrtid fauna is 
largely composed of species that parasitize mealybugs 
and scale insects. The second faunistic type is found 
east of the central mountain range and in the wetter 
regions to the west (such as the Osa Peninsula). This 
association primarily comprises species that belong to 
groups parasitizing the immature stages of 
holometabolous insects. The fauna above 1500 metres 
is relatively depauperate, and even more so above 2500 
metres. At such altitudes coccoid parasitoids are very 
scarce and, in general, species occurring at these higher 
altitudes are conspicuously larger and darker than con- 
generic lowland species, e.g. species of Copidosoma. 

The extensive Malaise trapping programme under- 
taken throughout Costa Rica has shown that coccoid 
parasitoids are most abundant during the later part of 
the dry season, which is not surprising since their 


hosts are more abundant during the dry season. On 
the other hand, groups that attack immature stages of 
Diptera, Lepidoptera and Coleoptera do not seem to 
show any distinct seasonality. 


TETRACNEMINAE 


The following genera have been found in Costa Rica 
and can be identified with keys provided by Noyes 
(1980). Generic synonyms or misidentifications are 
given in parentheses. 


Acroaspidia, Aenasius, Anagyrus, Apoanagyrus, 
Blepyrus, Coccidoxenoides (= Pauridia), Ericydnus, 
Euryrhopalus, Gyranusoidea, Hambletonia, Lepto- 
mastidea, Leptomastix, Neodusmetia, Rhopus, Tetrac- 
nemus, Zaplatycerus and Zarhopalus. 


Pseudleptomastix, a new record for the Neotropical 
region, runs to couplet 157 in Noyes (1980) and 
differs from all included genera in having the postmar- 
ginal vein of the fore wing longer than the stigmal 
vein, and in the tegulae being brilliant white. Males 
run to couplet 95, differing from all included genera 
by the same characters as for the female (although the 
tegula is white with a dark brown apex). 


ENCYRTINAE 


The following genera have been found in Costa Rica 
and can be identified with keys provided by Noyes 
(1980). Generic synonyms or misidentifications are 
given in parentheses. 


Acerophagoides, Acerophagus, Adelencyrtus, Agarwa- 
lencyrtus (Epiencyrtus misident.), Ageniaspis, Amero- 
myzobia, Ammonoencyrtus, Anicetus, Aphycus, 
Apsilophrys, Archinus, Arhopoidiella, Arrhenophagus, 
Avetianella, Bennettisca, Blanchardiscus, Bothriocraera, 
Brachyplatycerus, Brethesiella, Carabunia, Cerap- 
terocerus, Cerchysiella (= Zeteticontus), Cerchysius, 
Cheiloneurus, Coccidaphycus, Coccidencyrtus, Cocci- 
doctonus, Coelopencyrtus, Coenocercus, Copidosoma (= 
Litomastix), Copidosomopsis (=  Pentalitomastix), 
Cyderius, Echthrogonatopus, Encyrtus, Exoristobia, 
Forcipestricis, Gahaniella, Helegonatopus, Hexacladia, 
Hexencyrtus (= Calliencyrtus), Homalopoda, Homa- 
lotylus, Isodromus, Ixodiphagus (= Hunterellus), 
Lamennaisia (= Mercetencyrtus), Lirencyrtus, Lochi- 
toencyrtus, Mahencyrtus (Parechthrodryinus misident.), 
Meniscocephalus (= Helmecephala), Meromyzobia (= 


Desantisella), Metaphycus, Microterys, Mucrencyrtus, 
Neococcidencyrtus (= Platylyca), Ooencyrtus, Para- 
blastothrix, Parablatticida (= Amaurilyma, Desobius), 
Paraleurocerus, ^ Paralitomastix, Pentelicus (= 
Hemaenasius; Bothriothorax misident.), Plagiomerus, 
Prionomastix, Prochiloneurus, Protyndarichoides, 
Pseudaphycus, Pseudectroma (= Timberlakia), Pseud- 
homalopoda, Psyllaephagus, Rhytidothorax, Stemma- 
tosteres, Syrphophagus (= Aphidencyrtus), Szelenyiola, 
Tetarticlava, Trechnites, Trichomasthus, and Zaomma. 


The following genera, except for Paratetracnemoidea, 
are new records for the Neotropical region; the previ- 
ous key (Noyes, 1980) should therefore be amended 
as follows (in most cases female specimens only): 

Blastothrix—runs with difficulty to couplet 85 but 
differs from both included genera (Rhytidothorax 
and Exoristobia) in having distinctive punctate 
sculpture on the frontovertex and dorsum of 
mesosoma. 

Bothriothorax—runs to Pentelicus (Bothriothorax 
misident.) (couplet 184), but differs in that there is 
no hairless line connecting the apex of the 
postmarginal vein with the apex of the stigmal, 
while in Pentelicus this is present. The ovipositor 
is not exserted (see Coenocercus below). 

Cercobelus—runs to Homalopoda (couplet 4) but 
differs in having hyaline fore wings, whereas in 
Homalopoda the fore wings have a distinct infus- 
cate pattern. Males run to couplet 9, but differ 
from all included genera in having only four 
funicle segments, these all longer than broad. 

Coenocercus—runs to  Pentelicus (Bothriothorax 
misident.) (couplet 184), but differs in having the 
ovipositor clearly exserted by about one-third of 
the length of the metasoma, while in Pentelicus 
the ovipositor is more or less hidden (see also 
Bothriothorax above). 

Epiencyrtus—runs to couplet 241, but differing from 
all other included genera except Agarwalencyrtus 
(misident.), in having the clava strongly obliquely 
truncate, and from Agarwalencyrtus in the body 
being completely dark with no orange areas and 
the thoracic dorsum quite shiny with relatively 
shallow sculpture. In Agarwalencyrtus the meso- 
soma is normally at least partly orange and 


Eusemion—runs with difficulty to couplet 63 
(Aenasius and Pentelicus) and differs from these 
genera in the combination of the marginal vein of 
the fore wing being long and the stigmal and 
postmarginal veins relatively short, the flagellum 
being clavate with strongly transverse funicle 
segments, the hypopygium not reaching more 
than two-thirds along metasoma, and the body 
being relatively elongate. 

Paratetracnemoidea—runs to couplet 156, but differs 
from all included species in having the interan- 
tennal prominence characteristically produced 
above the clypeus and between the antennal 
sockets in the form of a short ridge-like or horn- 
like structure. Males run with difficulty to couplet 
69 and differ from all included genera by the 
same character as the female. 

Philosindia—runs to couplet 67, but the antennae are 
inserted very nearly half way between the anterior 
ocellus and mouth margin and the first funicle 
segment is at least twice as long as the pedicel. 
The other genera of the group generally have the 
antenna inserted conspicuously nearer the mouth 
margin than the anterior ocellus, and the first 
funicle segment not longer than the pedicel. 

Prionomitus—runs best to Psyllaephagus (couplet 
198), differing in having the hypopygium reach- 
ing the apex of the metasoma. 

Thomsonisca—runs to couplet 154, but differs from 
included genera in having the speculum inter- 
rupted by two or three lines of setae. 

Trjapitzinellus—runs to couplet 241 and would fit 
Agarwalencyrtus (Epiencyrtus misident.), except that 
the clava is not twice as wide as the funicle and 
the marginal vein is less than three times as long 
as broad. The funicle segments are all quadrate or 
longer than broad (see Epiencyrtus above). 

Tyndarichus—runs to couplet 89, but differs from both 
included genera in the submarginal vein having a 
strong, distinct subapical triangular expansion. 


John Heraty 


thoracic dorsum always matt with very character- 
istic striate-reticulate sculpture. The funicle seg- 
ments are all transverse (see Trjapitzinellus below). 


Diagnosis. Mostly 2.0 to 5.0 mm in length; colour 
varying from metallic to black, or with striking yellow 
and black patterns. Antennae with 13 or fewer 
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Fig. 11.88. Orasema sp. (Eucharitidae). 


segments (up to 26 in some Old World members of the 
family), anellus present or absent; mandibles usually 
sickle-shaped with elongate apical tooth; labrum 
planar with 4 to 16 elongate digits; genal sulcus 
absent. Pronotum reduced and ventral to mesoscutum, 
hidden (not visible) in dorsal view; notauli deep and con- 
spicuous; axillae enlarged and usually broadly fused 
in middle; scutellum sometimes with a pair of elon- 
gate spines projecting from apex. Fore wing with mar- 
ginal vein relatively long. Tarsi 5-segmented. 
Metasoma with an elongate petiole, usually longer than 
hind coxae; female metasoma large, ovipositor not 
exceeding apex of metasoma; male metasoma small. 

Only two subfamilies of Eucharitidae occur in the 
New World and all species can be readily recognized 
by these diagnostic features. Exceptions to the diagno- 
sis are found in three additional palaeotropical sub- 
families (see below) that were included in Eucharitidae 
by Boucek (1988). 


Classification and distribution.  Eucharitids are 
widespread and occur in almost every zoogeographical 
region of the world (except New Zealand), but are 
most abundant and diverse in the tropical regions 
(Heraty, 1985). Worldwide the Eucharitidae comprises 
47 genera and 394 species (Heraty, unpublished), 
which are classified in five subfamilies by Boucek 
(1988): 


Akapalinae Australia, 1 genus 

Echthrodapinae Africa and New Guinea, 1 genus 
Eucharitinae cosmopolitan, 39 genera 
Oraseminae cosmopolitan, 4 genera 
Philomidinae Palaeotropics and Mediterranean, 2 


genera 


The higher classification of the family has not been 
resolved. Some studies place Oraseminae + 
Eucharitinae as the sister group to the Perilampidae, 


excluding the other three subfamilies from either 
family (Heraty & Darling, 1984; Darling, 1988). Based 


on larval morphology Darling (1992) placed 
Philomidinae as sister group to the Perilampinae + 
Eucharitinae + Oraseminae and excluded the 
Chrysolampinae (Fig. 11.89). This suggests that the 
Eucharitidae sensu Boucek (1988) is paraphyletic with 
respect to the Perilampidae. Gibson (in Goulet & 
Huber, 1993) classified Akapalinae and Philomidinae 
as subfamilies of Pteromalidae, and echthrodapines in 
the subfamily Monodontomerinae of Torymidae. 
Ecthrodapinae and Torymidae share an occipital 
carina, a setose epipygium and peg-like cerci articu- 
lated with metasomal tergite VIII. 

Only two subfamilies occur in the New World, 
where 18 genera and 114 species are presently recog- 
nized. In Costa Rica the subfamily Oraseminae is rep- 
resented by nine species of Orasema, while the 
Eucharitinae is represented by 13 species in seven 
genera, 


Biology. Philomidinae are ectoparasitoids of ground 
nesting bees of the genus Halictus (Halictinae) 
(Darling, 1992), whereas Echthrodapinae are para- 
sitoids of twig nesting bees of the genus Braunsapis 
(Allodapinae) (Michener, 1969). The host of 
Akapalinae is unknown. The following description of 
life histories refers only to the ant-parasitic subfami- 
lies, Oraseminae and Eucharitinae, which are similar 
in many respects but show differences in ovipositional 
strategy and host choice. 

Eggs are deposited away from the host into plant 
tissue, and the active first instar larva, termed a 
PLANIDIUM, is responsible for gaining access to the 
ant colony. The planidium is less than 0.15 mm in 
length with 12 well-sclerotized tergites, a caudal 
sucker, and an extensible labial region (Heraty & 
Darling, 1984). Larvae move by looping or jumping 
and can be extremely mobile. Access to the ant nest is 


achieved by some form of phoretic attachment to the 
host or another insect (Clausen, 1940a & c; Johnson et 
al., 1986). 

Once in the ant colony, the planidium attaches to 
the ant larva but does not develop until the host 
begins to pupate. When the ant larva pupates the 
eucharitid planidium relocates to the ventral thoracic 
region of the host pupa, where it completes three 
instars. In most Eucharitidae all stages are ectopara- 
sitic. In Orasema and Pseudometagea the planidium 
burrows just under the cuticle of the host larva where 
partial feeding takes place, but further development of 
the first and later instars is external on the host pupa 
(Ayre, 1962). Thus eucharitid larvae are ectoparasitic 
koinobionts. They show hypermetamorphosis with 
later instars being more typically hymenopteriform. 
Usually only one parasitoid develops per host, but as 
many as four Pseudochalcura can develop on a single 
pupa of Camponotus (Wheeler, 1907; Heraty & Barber, 
1990). 

After pupation, the eucharitid pupae are mixed 
with ant pupae and cared for in the same manner as 
ant pupae (Williams, 1980). Eclosion of adult euchari- 
tids is assisted by worker ants. They are completely 
integrated into the ant colony, being fed and groomed 
by the host ants. If the nest is disturbed, pupal and 
adult eucharitids are rescued by the ants in preference 
to their own brood (Wheeler, 1907; Mann, 1914), 


Oraseminae. Species of Oraseminae deposit single eggs 
into punctures made in plant tissue using their spe- 
cialized ovipositor. Eggs are deposited into involucral 
bracts of flowers, flower stems, undersides of oak and 
mango leaves, or in the skin of young banana fruits 
(Heraty & Darling, 1984; Johnson et al., 1986). In 
South America Orasema species have earned the 
common name ‘bicho costuriero’ (seamstress insect) 
for their characteristic oviposition marks on leaves of 
various plants (Tocchetto, 1942). Planidia are often 


Ancestor 
"-——- Chrysolampinae 


Philomidinae 
Perilampidae 
Eucharitidae 


Fig. 11.89. Proposed phylogenetic relationships of the eucharitid/perilampid groups (modified after Darling, 1992). 


phoretic on immature stages of thrips. Although the 
planidia may consume fluid while on the thrips, they 
apparently cannot complete their development on 
thrips (Wilson & Cooley, 1972; Johnson et al., 1986). 
Ants may be collecting thrips (and planidia) as prey 
items, thus providing direct transport of planidia to 
the host larva (Heraty, 1994). Almost all Oraseminae 
are parasitoids of myrmicine ants, rarely of Ecitoninae 
and Formicinae (Table 11.8). These ants generally do 
not form cocoons. Feeding by the larva of Orasema, 
which is partially endoparasitic, results in a deformed 
pupa (Wheeler, 1907; Pelt, 1950). 


Eucharitinae. Species of Eucharitinae usually deposit 
large egg masses into preformed cavities in plant 
tissue such as flower buds, and as many as 10,000 
eggs may be deposited in a single oviposition 
(Clausen, 1940a). Some Kapala deposit their eggs into 
undeveloped flower buds of Cordia or Hamelia, and 
emergence of planidia is timed to coincide with 
opening of the flower. Eggs may also be scattered over 
the leaf surface or laid into the outer skin of small 
fruits (Clausen, 1940a; Heraty & Barber, 1990). 
Planidia do not require an intermediate host, but 
rather attach directly to adult ants for transport back 
to the ant nest. All New World Eucharitinae are para- 
sitoids of Ponerinae or Formicinae (Table 11.8). 
Unlike hosts of Oraseminae, these ants generally form 
cocoons, and the eucharitid larva develops within the 
host cocoon. 


Ant host 


Eucharitid genus 


PONERINAE 
Ectatomma 
Odontomachus 
Pachycondyla 


Isomerala 
Kapala 
Kapala 


MYRMICINAE 
Pheidole 
Solenopsis 
Leptothorax 
Wasmannia 


Orasema 
Orasema 
Orasema 
Orasema 


FORMICINAE 
Camponotus 
Lasius 


Obeza, Pseudochalcura 
Pseudometagea 


Table 11.8. Recorded hosts of eucharitid genera 
occurring in Central America (from Heraty, 1994). 


Eucharitidae are generally a rare group of 
Hymenoptera but can be locally abundant. Kapala is 
probably the most common genus of Eucharitidae in 
the Neotropics, the males in particular being quite 
abundant in some Malaise trap samples. Males are 
more active in mate location and may form swarms 
over an ant nest with emerging females. Females mate 
soon after emergence from the ant nest and deposit 
eggs on suitable host plants in the vicinity of the ant 
host. Eucharitid females are usually attracted to 
certain types of plant structures for oviposition, and 
are less specific to plant taxa. If one can locate the 
oviposition sites it is relatively easy to collect eggs and 
planidia, and to gather other biological information. 


Economic importance. Orasema costaricensis has 
been regarded as a pest of banana in Central America 
where it causes a brown spotting of fruit during ovipo- 
sition (Roberts, 1958). It is possible that the females 
are actually ovipositing in association with thrips, 
which are usually more serious pests of banana 
(Hanson, pers. comm.). On the other hand, some 
eucharitids parasitize pestiferous species of ants (e.g. 
Solenopsis) and may offer possibilities for use in biologi- 
cal control of such pest species (D.W. Johnson, 1988). 


Identification. Revisionary studies of New World 
groups relevant to the Central American fauna have 
been made for the nearctic Eucharitinae (Heraty, 
1985). 


Key to subfamilies and genera of 
Eucharitidae of Central America 


ES 


Metallic coloured; anellus present, flagellar seg- 
ments cylindrical in both sexes; prepectus not 
fused to pronotum (Fig. 11.88); scutellum 
unadorned; second metasomal (first gastral) 
sternite with transverse furrow; ovipositor 
sub-apically expanded, with strong apical 
testeo... (Oraseminae) .............. Orasema 

—  Variously coloured; anellus absent, flagellar seg- 

ments often serrate to branched; prepectus 

fused to pronotum (Figs 11.90, 11.93); scutel- 
lum often with elongate apical spines 

(Figs 11.90, 11.92); second metasomal stern- 

ite smooth; ovipositor needle-like, at most with 

minutelteci m (Eucharitinae) ............. 2) 


2 Scutellar spines very long, reaching to apex of 
metasoma (Eig. 11999). ........... eese B 
—  Scutellar spines absent (Fig. 11.93), or if present, 
much shorter than above, not reaching to 
apex of metasoma (Fig. 11.92). .................... 5 


3  Scuto-scutellar sulcus deeply invaginated and 
filled with dense, golden hairs; scutellar spines 
of female dorso-ventrally flattened, those of 


imnalewylindmeal..................32. es Dilocantha 
—  Scuto-scutellar sulcus not deeply invaginated, 
bare; scutellar spines cylindrical. .................. 4 


4 Eyes conical (pointed above), frons strongly 


bulging (Eig WAGGA). co. sscscescccanoesssuee Isomerala 
— Eyes normal, not conical, frons not strongly 
bulsinp Eig ESO). ..eeeeeeeeeeeoecereseenneus Kapala 


5 Scutellum posteriorly with two blunt spines 
(Ies. JOE T 6 
— Scutellum rounded posteriorly (Fig. 11.93). .... 7 


6 X Mesosoma having at least some yellow to brown 
coloration; propodeum weakly developed; 
antenna cylindrical in both sexes. ......... Obeza 

—  Mesosoma entirely black or metallic; propodeum 
with lateral margins strongly developed; male 
antenna branched. ....................... Lophyrocera 


7  Prepectus reaching tegula; occiput broadly 
concave; axillae constricted medially, anten- 
nae cylindrical in both sexes. Pseudometagea** 

—  Prepectus not reaching tegula (Fig. 11.93); 
occiput flat; axillae transverse, not constricted 
medially; male antennae with branches on 
basal flagellar segments. .......... Pseudochalcura 


Synopsis of the Costa Rican fauna 


In Costa Rica eucharitids are most abundant at lower 
altitudes (below 1000 m) and they are entirely absent 
above 2200 metres, where their hosts also become 
scarce. Most genera of Eucharitidae found in Costa Rica 
are northern extensions of a more widespread South 
American fauna, with the exception of Pseudometagea, 
in which Costa Rica may represent the most southern 


record of this nearctic genus. Presently 21 to 22 species 
of eucharitids are known to occur in Costa Rica. 


ORASEMINAE 


Only a single genus of this subfamily is present in 
Central America. 


Orasema. Africa, Asia, Australia, New World; 53 
known species. Nine species occur in Costa Rica. 
Biology: Wheeler and Wheeler (1937); Heraty et al. 
(1993). 


EUCHARITINAE 


Seven genera of this subfamily are known to occur in 
Central America. The phylogeny of the subfamily is 
discussed in Heraty (1989). 


Dilocantha. A neotropical genus with two or three 
described species whose cumulative range extends 
north to Mexico. Only one species is present in 
Costa Rica. Biology unknown. 


Isomerala. A neotropical genus whose range 
extends north to Mexico. It comprises two species, 
one of which is present in Costa Rica. 


Kapala. A predominantly neotropical genus whose 
range extends north to the southern part of the 
United States, and with one species recorded from 
Africa and Madagascar. A total of 17 species are 
known, five of which occur in Costa Rica. 
Taxonomy: Heraty and Woolley (1993). 


Lophyrocera. A predominantly neotropical genus 
comprising three species whose cumulative range 
extends north to the western United States. Two 
species occur in Costa Rica. Biology unknown. 


Obeza. A predominantly neotropical genus whose 
range extends north to the southern part of the 
United States. Eight species are known, but only one 
seems to be present in Costa Rica. 


Pseudochalcura. A New World genus comprising 
13 species, two of which occur in Costa Rica. 
Taxonomy: Heraty (1986). 


Pseudometagea**. A nearctic genus whose range 
extends south to Mexico and possibly to Costa Rica. 


Figs 11.90-11.93. Genera of Eucharitidae. Fig. 11.90. Kapala sp., whole insect, lateral view. Fig. 11.91. Head of Isomerala sp., 
dorsal view. Fig. 11.92. Mesosoma of Lophyrocera sp., dorsal view. Fig. 11.93. Head and mesosoma of Pseudochalcura sp., lateral 
view. 


Eight species are known and one of these possibly 
occurs in Costa Rica. Taxonomy: Heraty (1985). 
Biology: Ayre (1962). 


John LaSalle and Michael E. Schauff 


Diagnosis. 0.4 to 6.0 mm in length (though rarely 
exceeding 3.0 mm), varying from squat to elongate, 
robust to dorso-ventrally flattened; often soft-bodied 
and collapsing after death; colour varying from metal- 
lic to black to yellow. Antenna usually inserted at 
about level of lower eye margin or below, usually with 
2 to 4 funicular segments (rarely 1 or 5), funicle of 
male sometimes branched. Mesoscutum with or 


without well marked notauli; axillae often produced 
forward of the scuto-scutellar suture. Fore wing with 
marginal vein long, postmarginal and stigma! veins 
often quite short. Fore tibial spur short and straight; 
tarsi always 4-segmented. Metasoma constricted basally, 
not broadly attached to mesosoma; ovipositor hidden or 
exserted. 

Only one other family, the Elasmidae, has the com- 
bination of 4-segmented tarsi and a short, straight 
fore tibial spur. Elasmids, however, are sufficiently dis- 
tinct (see Chapter 11.4) so as to not be easily confused 
with eulophids. 


Classification and distribution. The Eulophidae 
are cosmopolitan in distribution, with about 3400 
described species in 280 genera (Grissell & Schauff, 
1990). It is the largest family of Chalcidoidea, and 
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Fig. 11.94. Elachertus loh (Eulophidae). 


they are probably the most commonly collected chal- 
cids in all geographic realms. In Central America 
there are approximately 100 genera and, to the 
nearest order of magnitude, probably about 1000 
species, most of which are undescribed. 

Eulophidae appear to be closely related to the 
Elasmidae and Trichogrammatidae. In these three 
families, the number of tarsal segments is reduced (4 
in eulophids and elasmids, 3 in trichogrammatids) and 
they have a short, straight fore tibial spur. It is pdssi- 
ble that elasmids and trichogrammatids evolved from 
the Eulophidae, and the Elasmidae have often been 
treated as a subfamily of Eulophidae. Other families 
which may be related to the Eulophidae are the 
Aphelinidae, Signiphoridae and  Tetracampidae. 
Further study is required to resolve the relationships 
of these groups. 

The Eulophidae is currently divided into four sub- 
families—Entedoninae, Euderinae, Eulophinae and 
Tetrastichinae—all of which occur in Central 
America. The Tetrastichinae and Entedoninae are the 
largest subfamilies. Another subfamily name, 
Elachertinae, has often been used in the literature, but 
this has since been included with the Eulophinae 
(Graham, 1987; Boucek, 1988; Grissell & Schauff, 
1990). The subfamilies of Eulophidae appear to repre- 
sent natural units, although they are difficult to define 
rigorously. 


Biology. Eulophids display a remarkable diversity in 
their biologies. They are predominantly parasitoids of 
the immature stages of Lepidoptera, Coleoptera, 
Diptera and Hymenoptera, especially those concealed 
in plant tissue, such as leaf-miners, leaf-rollers, gall- 
formers, and stem-borers. The Eulophinae and 
Euderinae are fairly conservative in their host ranges 
while the Entedoninae and Tetrastichinae attack a 
wide variety of hosts. A few eulophids, especially 
species of Tetrastichinae, are phytophagous—mostly 
as inquilines in host galls, but a few are gall-formers 
or seed parasitoids. More detailed information on the 
host range of genera occurring in Central America is 
given below in the synopsis of the Costa Rican taxa. 
At the family level it is difficult to generalize about 
the type of biological relationship between eulophids 
and their hosts. There are solitary and gregarious 
species, ectoparasitoids and endoparasitoids, idiobionts 
and koinobionts, and there appear to be roughly equal 
numbers of species in each category, at least among 


those where the biology is known. Primary parasitoids 
are more common than hyperparasitoids, although 
the latter are certainly not rare. Species that develop 
on small hosts such as eggs or cecidomyiid larvae are 
often solitary parasitoids or even predators, while 
those parasitizing large hosts are frequently gregari- 
ous. Predatory species are mostly members of the sub- 
family Tetrastichinae and their prey are always 
aggregated—larvae of Cecidomyiidae in seed pods 
(Parnell, 1963), eggs of Pyralidae in felt-covered 
masses (Rothschild, 1973), eggs of spiders in silken 
sacs (LaSalle, 1990), eriophyid mites in galls 
(Vereshchagina, 1961), and nematodes in galls (Berg 
et al., 1990). 

Most eulophids search for hosts associated with ter- 
restrial plants, but some species are known to be 
aquatic. In Europe several species of Aprostocetus (sub- 
genus Ootetrastichus) are known to attack the eggs of 
Odonata or dytiscid beetles in submerged plant stems 
(Fursov & Kostyukov, 1987—as Tetrastichus), and 
adult females have been seen swimming under water 
to reach their hosts (V. Kostyukov, V. Fursov, pers. 
comm.). In Mexico Horismenus mexicanus attacks the 
prepupae and pupae of psephenid beetles in water 
(Brown, 1968—as Psephenivorus). Once a host has 
been located the female wasp must decide whether it 
is acceptable for oviposition, and in gregarious species, 
choose how many eggs to lay and decide whether to 
lay fertilized (female) or unfertilized (male) eggs 
(Dijkstra, 1986). 

Host-feeding by adult females is common in 
Eulophidae, although the construction of a feeding 
tube appears to be rare (Jervis & Kidd, 1986). When 
host-feeding the female may sting the host more fre- 
quently and for longer duration than when she is 
ovipositing. Host-feeding therefore often results in the 
death of the host (prey) and consequently the female 
must use another, often older, host individual in 
which to oviposit. For example, the European species, 
Tetrastichus coeruleus, utilizes newly deposited 
chrysomelid eggs for host-feeding and oviposits in eggs 
containing more advanced embryos (Capinera & Lilly, 
1975; Alphen, 1980—as asparagi). Other examples of 
females choosing younger hosts for feeding and older 
hosts for oviposition include Diglyphus on agromyzid 
larvae (Heinz & Parrella, 1989; Kato, 1989), 
Euplectrus on lepidopterous larvae (Neser, 1973), and 
Tamarixia on psyllid nymphs (Moran et al., 1969—as 
Tetrastichus). A few eulophids are known to use the 


same host individual for host-feeding and oviposition, 
for example Melittobia (Dahms, 1984b) and Baryscapus 
chrysopae (Clancy, 1946—as Tetrastichus). 

As is true in other Hymenoptera, koinobionts 
usually inject a venom that causes temporary paralysis 
in the host whereas idiobionts commonly cause per- 
manent paralysis or even death. Many idiobiont 
eulophids attack the larval stage of their host (Askew, 
1968; Takada & Kamijo, 1979), either as ectopara- 
sitoids—as in most Eulophinae (e.g. Mazanec, 1990)— 
or as endoparasitoids—e.g. Chrysocharis (some species) 
and Closterocerus. Quadrastichus includes both ecto- and 
endoparasitic idiobionts (Askew & Ruse, 1974—as 
Tetrastichus). Some Entedoninae and Tetrastichinae are 
endoparasitic idiobionts of eggs, including for example 
species of Emersonella and Edovum in chrysomelid eggs, 
and the cosmopolitan Aprostocetus hagenowii in cock- 
roach eggs (Vargas & Fallas, 1974; Vinson & Piper, 
1986). Endoparasitic, gregarious idiobionts of pupae 
include Tachinobia (Tetrastichinae) and Trichospilus 
(Eulophinae), in Diptera and Lepidoptera respectively. 

Euplectrus and Tamarixia are ectoparasitic koino- 
bionts of exposed hosts. The venom injected by the 
parasitoid not only causes temporary paralysis, to 
allow oviposition, but also prevents the host larva 
from moulting to the next instar and thus sloughing 
off the parasitoid larvae. Upon completion of feeding, 
species of Euplectrus, which are gregarious ectopara- 
sitoids of leaf-feeding lepidopterous larvae, spin silken 
cocoons attached to the outside of their host (Neser, 
1973; Wall € Berberet, 1974; Puttler et al., 1980). 
They are one of the few chalcidoids known to spin 
cocoons, and the silk is secreted by the malpighian 
tubules, not by the labial glands as is the case in most 
other Hymenoptera. The South African Tamarixia 
flavigaster is a solitary ectoparasitoid on nymphs of 
Psylloidea (Homoptera) (Moran et al, 1969). 
Although the host is exposed, the parasitoid larva 
remains hidden beneath it. When fully grown, the 
parasitoid larva fastens the psyllid nymph to the sub- 
strate with a silk-like substance (presumably secreted 
by the malpighian tubules) and then kills it. 

Endoparasitic koinobiosis appears to be restricted to 
certain members of the subfamilies Entedoninae and 
Tetrastichinae. In the European species, Entedon 
leucogramma, the female wasp oviposits in scolytid 
eggs, but larval development occurs within the host 
larva (Beaver, 1966). It is possible that koinobiosis 
occurs in most, if not all, species of Entedon (List, 


1932; Fisher, 1970) and Achrysocharoides (Bryan, 
1980). Species of Chrysocharis exhibit a range of biolo- 
gies: many are idiobionts, but others, such as C. parksi, 
which attacks Liriomyza (Agromyzidae) (Parkman et 
al., 1989), are larval-pupal koinobionts (Askew, 1968; 
Takada & Kamijo, 1979). In the Tetrastichinae one of 
the better studied examples of koinobiosis is the 
European Tetrastichus coeruleus. The female of this 
species lays about five eggs in the egg of its 
chrysomelid host, but the parasitoid larva does not kill 
the host until it enters the soil to pupate (Johnston, 
1915; Capinera & Lilly, 1975—as asparagi). Other 
examples of gregarious koinobionts include Baryscapus 
chrysopae in chrysopid larvae (Clancy, 1946—as 
Tetrastichus) and Tetrastichus julis in chrysomelid 
larvae (Dysart et al., 1973). 

In general very few hymenopteran parasitoids 
attack adult stages of holometabolous insects. In West 
Africa, the tetrastichine, Phymastichus coffea, oviposits 
into adult coffee berry borers (Hypothenemus hampei, 
Scolytidae), inserting the ovipositor through a pore in 
the elytra or thorax (Feldhege, 1992). Larvae develop 
as endoparasitic koinobionts, generally two per host— 
a male in the thorax and a female in the abdomen. 
Recently another species in this genus has been found 
in Hawaii attacking scolytids in macadamia nuts, but 
in this species the dagger-like ovipositor suggests that 
oviposition need not occur through a pore. The same 
species occurs in Costa Rica. 

Most hyperparasitic eulophids belong to the 
Entedoninae and Tetrastichinae, and many are facul- 
tative rather than obligatory secondary parasitoids. 
Some species of Horismenus are hyperparasitic, mostly 
on Lepidoptera via braconids (e.g. Bennett, 1950), 
but two North American species are hyperparasitoids 
in spider egg sacs (Burks, 1971). Other entedonine 
hyperparasitoids include some species of Pediobius and 
Teleopterus. In the Tetrastichinae hyperparasitoids are 
found mostly in Aprostocetus, Baryscapus, Tachinobia, 
Tetrastichomyia and Tetrastichus. Most hyperpara- 
sitoids are ectoparasitic idiobionts but the European 
species, Baryscapus endemus (Parnell, 1964a—as 
Aprostocetus tibialis) and B. nigroviolaceus (Askew, 
1968—as Tetrastichus amethystinus), appear to be 
endoparasitic koinobionts. Oomyzus sokolowskii is a 
facultative hyperparasitoid of the diamond-back 
moth. 

Perhaps the most unusual biology shown by 
Eulophidae is that of Melittobia species, which 
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primarily attack nest-building Hymenoptera, but are 
potentially some of the most polyphagous of all 
hymenopteran parasitoids (Dahms, 1974b). The adult 
female may enter a host cell before it is closed, in 
which case she delays oviposition until the host 
reaches the prepupal or pupal stage. If the host cell is 
already closed the female may gnaw her way into a 
cell, sometimes with several females taking turns 
chewing at the same hole. If the host is large she stays 
with this one host for the remainder of her life and is 
assisted in its utilization by specialized ‘second-form’ 
progeny, which are paler in colour and have reduced 
wings. Unlike normal females, these second-form 
females make no effort to disperse and can begin 
laying eggs almost immediately. 

The immature stages of several eulophid species 
have been described (e.g. see Bledsoe et al., 1983). 
The eggs are normally elongately oval or kidney- 
shaped (Cameron, 1939; Clancy, 1946; Askew & 
Ruse, 1974), or occasionally with a long anterior 
filament (Viggiani, 1971), which probably serves to 
anchor the egg to the integument of the host 
(Silvestri, 1911). There are from three to five larval 
instars. The first instar eulophid larva is hymenopteri- 
form, 13-segmented, and occasionally with fleshy 
tubercles or rows of spines on the body. The mature 
larva is generally not hairy (Askew, 1968). The 
larvae of some species that attack leaf-miners (e.g. 
Diglyphus, Chrysocharis) construct a circle of little 
faecal pillars about themselves (Viggiani, 1964; 
Hendrickson & Barth, 1978). The larva pupates 
within this circle and the pillars harden to serve as 
supports preventing the collapse of the host mine as 
the plant tissue dries out. 

The mating behaviour of Eulophidae has been 
described for several species. Details of the complex 
behaviour patterns involved in mating can be used to 
separate closely related species and may help in 
understanding phylogenetic relationships (Assem, 
1975; Assem et al., 1982a & b; Bosch & Assem, 
1986). Perhaps the most unusual mating behaviour is 
that shown by species of Melittobia (Assem et al., 
1982a; Dahms, 1984a-c). The males have short, non- 
functional wings and vestigial eyes. They emerge 
before the females, and wait by the exit hole for the 
females to emerge. Males of some species are quite 
aggressive in their efforts to monopolize females, and 
will decapitate unemerged male pupae or freshly 
emerged males. An unmated female may remain with 
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her developing male progeny in order to mate with an 
emerging son. In the closely related genus, Tachinobia, 
the males also have reduced wings and eyes, and 
mating behaviour may be similar to that of Melittobia, 
although fewer studies exist. 


Economic importance. Eulophidae is the third 
most important family of Chalcidoidea used in biologi- 
cal control, after Aphelinidae and Encyrtidae. Some of 
the more important genera used in biological control 
projects are Pediobius, Chrysocharis, Diglyphus, 
Closterocerus and Neochrysocharis—the first against a 
variety of Lepidoptera and Coleoptera, the last four 
against leaf-miners. 

There are several examples of the use of eulophids 
in biological control in the Neotropical region. 
Aceuratoneuromyia indica was imported into Central 
America for the control of various species of fruit flies 
(Tephritidae: Anastrepha spp., Ceratitus capitata) 
(Clausen, 1978; Cock, 1985). Aprostocetus gala has 
been used against citrus weevils (Curculionidae: 
Diaprepes spp., Exophthalmus spp.) (Cock, 1985; 
Schauff, 1987—both as Tetrastichus) and Oomyzus 
sokolowskii has been used against the diamond-back 
moth (Plutellidae: Plutella xylostella) (Cock, 1985—as 
Tetrastichus). Tamarixia leucaenae was: recently 
described as a potential biological control agent of the 
Leucaena psyllid (Heteropsylla cubana) (Bouček, 1988). 

The gregarious pupal parasitoid Trichospilus dia- 
treae, was imported from Asia into the Caribbean 
region in 1972 as a natural enemy of lepidopterous 
pests, but was not released because of its polyphagy— 
ie. it attacked tachinid pupae in the laboratory 
(Bennett et al., 1987). Nonetheless it is now wide- 
spread in the Caribbean region and in Florida, 
although it is not clear whether it was released on 
another occasion and not reported, whether it arrived 
as an accidental immigrant, or whether it was origi- 
nally more widespread than previously believed. This 
species is now fairly common in certain areas of Costa 
Rica (e.g. the Osa Peninsula), most commonly in dis- 
turbed areas but also in relatively undisturbed forest. 

Several endemic (or introduced and established) 
species of eulophids probably play important roles in 
controlling populations of certain pests. Some of these 
are listed in Table 11.9. 


Identification. Keys to the subfamilies and discus- 
sions of classification within the family are provided 


Pest species Eulophid 


Anastrepha obliqua 
(Tephritidae) 


Aceratoneuromyia indica 


Antichloris viridis 
(Arctiidae) 


Elachertus ceramidiae 

(Burks, 1962; Harrison, 1963) 
Miotropis sp. 
Stenomesius ceramidiae 

(Boucek, 1962) 


Contarinia sorghicola 
(Cecidomyiidae) 


Aprostocetus diplosidis 
(Graham, 1987) 


Leucoptera coffeella 
(Lyonetiidae) 


Closterocerus sp. 
Zagrammosoma sp. 


Liriomyza huidobrensis 
(Agromyzidae) 


Diglyphus isaea 


Periplaneta americana 
(Blattidae) 


Aprostocetus hagenowii 
(LeBeck, 1991) 


Euplectrus comstockii 
E. plathypenae 


Spodoptera frugiperda 
(Noctuidae) 


Table 11.9. Pest species present in the northern 
Neotropics and eulophids known to attack them. 


by Graham (1987), Boucek (1988), and Grissell and 
Schauff (1990). One character that has been tradi- 
tionally used in identifying subfamilies is whether the 
submarginal vein smoothly joins the parastigma (Fig. 
16), as in the Eulophinae, or whether the submarginal 
vein is narrowed apically and joins the parastigma 
slightly above the end of the vein (Figs 11.107, 
11.114, 11.116). This character, however, is not 
always easy to assess, and displays some variation 
within subfamilies (Grissell & Schauff, 1990). The 
most important key to all eulophid genera is that for 
Australasia (Boucek, 1988). There are no modern 
keys available to all eulophid genera for any part of 
the New World, although keys to the nearctic 
eulophid genera are currently in preparation (Schauff, 
LaSalle € Coote, in prep.). 


Key to the subfamilies of Eulophidae 


1 Scutellum with one pair of setae (Fig. 11.95); 
submarginal vein with two setae on dorsal 


surface (Fig. 11.107); notauli incomplete or 
absent (rarely present); fronto-facial sutures, 
when present, situated near middle of face and 
distinctly removed from median  ocellus 
(e TIG) ano Entedoninae (p. 323) 
— Scutellum with more than one pair of setae: 
usually with two pairs (Figs 11.99-11.103, 
11.105), occasionally with more than two 
pairs or (rarely) with numerous irregularly 
scattered setae (Fig. 11.97); fore wing usually 
with more than two setae on dorsal surface of 
submarginal vein (Figs 11.110, 11.114, 
11.116); if with one or two (some 
Tetrastichinae), then notauli present and com- 
plete; fronto-facial sutures, when present, situ- 
ated high on face and very near to median 
yee iis Me, TAO) oooO DEO 2 


2  Notauli absent, or incomplete posteriorly and not 
approaching the posterior margin of the 
mesoscutum or the axilla (Figs 11.97- 
T] a aser RAS 3 

—  Notauli present and either reaching the posterior 
margin of the mesoscutum or curving to meet 
the axilla (Figs 11.101-11.103, 11.105). ... 4 


3 Funicle with one or two segments (Fig. 11.109) 
and pronotum not visible in dorsal view 

(Figs 11.97-11.98); either scutellum with 
many scattered setae and dorsum of meso- 
soma reticulate (Fig. 11.97), or scutellum 

with two pairs of setae (the second quite small 

and on the posterior margin) and dorsum of 
mesosoma relatively smooth (Fig. 11.98); 
scutellum never with paired, submedian lines. 
PParasiordsiofswitetlicsee rete 

M eterseeeéevre SN ERR eT Entedoninae (p. 323) 

— Either funicle with more than two segments 
(Figs 11.111, 11.113, 11.115), or pronotum 
clearly visible in dorsal view (Figs 11.99— 
11.100), or scutellum with paired, submedian 

lines (Fig. 11.100). Never parasitoids of 
wiitetliest eem Eulophinae (p. 323) 


4 Wings absent or reduced (extending less than 


half the length of the metasoma). ................ 5 
— Wings present and of normal size (extending at 
least half the length of the metasoma). ........ 6 
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Figs 11.95-11.100. Eulophidae (all females). Figs 11.95-11.98. Entedoninae; 11.95, Chrysocharis sp., mesosoma; 11.96, 
Chrysocharis sp., face; 11.97, Entedononecremnus sp., mesosoma; 11.98, Euderomphale sp., mesosoma. Figs 11.99—11.100. 
Eulophinae; 11.99, Sympiesis sp., mesosoma; 11.100, Diglyphus sp., mesosoma. 

fs = fronto-facial suture; pr = pronotum; sm = submedian line; ss = scutellar seta. 


11.7 Eulophidae 


Figs 11.101-11.106. Eulophidae (all females). Figs 11.101-11.102. Eulophinae; 11.101, Euplectrus sp., mesosoma; 11.102, 
Elachertus sp., mesosoma. Figs 11.103-11.104. Euderus sp. (Euderinae); 11.103, mesosoma; 11.104, apex of metasoma. 
Figs 11.105-11.106. Aprostocetus sp. (Tetrastichinae); 11.105, mesosoma; 11.106, apex of metasoma. 

ax = axilla: ce = cercus; fs = fronto-facial suture; no = notaulus; pe = petiole; sc = scapula; sl = sublateral line; sm = submedian 


line; ts = transverse suture. 


Figs 11.107-11.116. Eulophidae. Figs 11.107-11.108. Chrysocharis sp. (Entedoninae); 11.107, fore wing venation; 11.108, 
antenna. Fig. 11.109. Entedononecremnus (Entedoninae), antenna. Figs 11.110-11.111, Pnigalio sp. (Eulophinae); 11.110, fore 
wing venation; 11.111, antenna. Fig. 11.112. Diglyphus sp. (Eulophinae), antenna. Figs 11.113-11.114. Euderus sp. 
(Euderinae); 11.113, antenna; 11.114, fore wing. Figs 11.115-11.116. Aprostocetus sp. (Tetrastichinae); 11.115, antenna; 
11.116, fore wing. 

as = admarginal setae; f1-f4 = funicular segments 1-4; mv = marginal vein; pmv = postmarginal vein; smv = submarginal vein; 
sv = stigmal vein. 


5 Either: female with three funicular segments (Fig. 
TINS), orimale....... Tetrastichinae (p. 327) 


— Females only, funicle with four segments 
(Figs 11.111-11.112) (males fully winged). .... 
dorso ESSE Eulophinae (p. 326) 


6 Female with ninth metasomal tergite separated 
from eighth by a transverse suture which is 
always at the level of the cerci (Fig. 11.104), 
so that the metasoma has eight visible seg- 
ments past the petiole; fore wing usually with 
area just below marginal vein bare as far as 
the stigmal vein except for a distinct row of 
admarginal setae on the underside of wing 
(Fig. 11.114); most forms with two to three 
rows of setae radiating from the stigmal vein; 
postmarginal vein usually distinctly longer 
than stigmal vein (which is often relatively 
short); funicle in both sexes with four (rarely 
five) segments (Fig. 11.113); scutellum never 
with submedian lines (Fig. 11.103). ................. 
O GOCE CECE Euderinae (p. 325) 

— Female with eighth and ninth metasomal tergites 
fused, without a transverse suture at level of 
cerci (Fig. 11.106), so that the metasoma has 
seven visible segments past the petiole; fore 
wing (Fig. 11.116) not as above, if with bare 
area beneath the marginal vein, then without 
rows of setae radiating from stigmal vein; 
postmarginal vein variable, but often rudimen- 
tary or absent; funicle in female with two to 
four segments; scutellum often with paired 
lines (ias TAO TESI) Ett t 7 


7  Postmarginal vein absent or rudimentary, at 
most half the length of the  stigmal 
(Fig. 11.116); axillae usually strongly 
advanced, defining a linear or almost linear 
scapula (Fig. 11.105); submarginal vein 
usually broken or narrowed apically and not 
smoothly joining  parastigma; scutellum 
usually with paired submedian lines, and often 
with sublateral lines (Fig. 11.105); female 
with three funicular segments (Fig. 11.115), 
male with four. 

[Note: the few genera of tetrastichines 
which have the postmarginal vein over half 
the length of the stigmal vein always have the 
axillae strongly advanced and the submarginal 


vein not smoothly joining the parastigma.] .... 
dior ETERNI Tetrastichinae (p. 327) 
— Postmarginal vein developed, at least as long as 
stigmal and usually longer (Fig. 11.110); 
axillae not so strongly advanced; scapula not 
linear (Figs 11.101-11.102); submarginal 
vein smoothly joining parastigma; scutellum 
with or without paired submedian lines, but 
never with two pairs (submedian and sublat- 
eral lines) (Figs 11.101-11.102); funicle with 
two to four segments (Figs 11.111-11.112). ... 
o YER Eulophinae (p. 326) 


Synopsis of the Costa Rican fauna 


De Santis (1979), in the first comprehensive cata- 
logue of neotropical Eulophidae, recorded only nine 
genera from Central America. Subsequent papers (De 
Santis, 1983a, 1989; Hansson, 1987; Maes, 1989; 
Schauff, 1991; Delvare & LaSalle, 1993; Hansson & 
Cave, 1993; LaSalle, 1994, 1995; La Salle & Schauff, 
1994) added another twelve, but following the 
present work 67 genera are now known to occur in 
the region. A further 12 genera are likely to be 
present as they occur in neighbouring regions or are 
wide ranging in the New World. We are also aware 
of many Central American taxa that cannot 
confidently be identified to genus, as well as many 
that represent undescribed genera. Thus at least 100 
genera of eulophids probably occur in Central 
America. 

The fact that the only comprehensive catalogue 
for the region recorded less than one tenth of the 
genera present indicates how poorly studied the 
Central American eulophid fauna is. At the species 
level the situation is even worse. Although some pre- 
liminary attempts have been made at clarifying the 
status and identity of neotropical eulophid species 
(Boucek, 1977; LaSalle & Schauff, 1992), the rich 
fauna of Central America remains virtually 
unknown. 


ENTEDONINAE 

The body in certain genera (e.g. Entedon, Pediobius, 
Horismenus) is quite strongly sclerotized, while in 
other genera (e.g. Omphale, Chrysocharis, Neochry- 
socharis, Closterocerus) it is weaker and specimens 


often shrivel after death. The most commonly col- 
lected genera are Horismenus and Omphale, but other 
commonly collected groups include Chrysocharis, 
Closterocerus, Emersonella, Neochrysocharis and 
Pediobius. Keys to Australasian (Boucek, 1988) and 
holarctic (Schauff, 1991) genera will allow 
identification of most of the Central American genera, 
although Entedononecremnus, Microdonophagus and 
Proacrias are not included in these keys. 

The majority of entedonines are endoparasitoids 
and many are presumably idiobionts. Koinobiosis 
occurs in perhaps all species of Entedon and in a few 
species of Chrysocharis. Species of Horismenus and 
Pediobius attack a wide range of hosts (see below) and 
seem to be ecological homologues, with Pediobius 
being a large and important genus in the Old World, 
but largely replaced by Horismenus in the New World. 
Another genus with a wide host range is Teleopterus. 
The host ranges of other entedonine genera occurring 
in Central America are more easily defined 
(see Table 11.10). 


Achrysocharoides^". Widespread, possibly cos- 
mopolitan. Species are endoparasitoids of small leaf- 
mining Lepidoptera on trees and shrubs. Both 
solitary and gregarious forms are known. 


Alachua. Known only from a single species, A. flori- 
densis, found in Florida and Costa Rica. It is a gre- 
garious endoparasitoid in the pupae of Camponotus 
abdominalis (Formicidae), and is one of only two 
eulophid genera known to attack ants (Schauff & 
Boucek, 1987). 


Host category Entedontine parasitoid genus 

Ceranisus, Goetheana 

Aleuroctonus, Entedononecremnus, 

Euderomphale, Neopomphale 

Asecodes, Emersonella, Edovum 

Curculionoidea Entedon, Paracrias 

Syrphidae Microdonophagus 

Formicidae (pupae) Alachua 

Leaf-miners Achrysocharoides, Apleurotropis, 
Chrysocharis, Closterocerus, 
Kratoysma, Neochrysocharis 

Eprhopalotus, Holcopelte, Omphale 


Thysanoptera 
Aleyrodidae 


Chrysomelidae 


Gall-formers 


Table 11.10. Hosts of entedontine eulophid 
genera, excluding Horismenus, Pediobius and 
Teleopterus (see text), occurring in Central America. 


Aleuroctonus. Neotropics. Endoparasitoids of white 
flies (Aleyrodidae: Aleurodicinae) (LaSalle & Schauff, 
1994). 


Apleurotropis“F. Previously known only from the 
Old World. Parasitoids of leaf-miners. 


Asecodes®®, Primarily a holarctic and southeast 
Asia genus; not yet known from South America. 
Gregarious parasitoids of immature stages of 
Coleoptera, particularly Chrysomelidae. 


Ceranisus. Cosmopolitan; closely related to 
Goetheana, Thripobius and Entedonastichus. Idiobiont 
endoparasitoids in thrips larvae, particularly those 
of Thripidae and Phlaeothripidae (Loomans et al., 
1992). 


Chrysocharis. A mainly holarctic genus, with 
some species present in tropical regions. Solitary 
endoparasitoids in larvae or pupae of leaf-miners 
(Hansson, 1985, 1987). 


Chrysonotomyia?*. As recently  re-defined 
(Hansson, 1994b) this genus contains a single 
species, C. auripunctata, from Florida and Brazil. It is 
closely related to both Closterocerus and 
Neochrysocharis. It is a parasitoid of Cecidomyiidae. 


Closterocerus. Cosmopolitan. Very closely related 
to Chrysonotomyia. Endoparasitoids in eggs or young 
larvae of a variety of phytophagous insects, mostly 
of leaf-miners, but also of gall-formers; occasionally 
hyperparasitic. 


Edovum**. Known from Mexico and Colombia. This 
genus contains a single described species, E. puttleri, 
which is an endoparasitoid in eggs of Leptinotarsa 
undecemlineata (Chrysomelidae) (Grissell, 1981; 
Puttler & Long, 1983). 


Emersonella. New World. Endoparasitoids in eggs 
of Chrysomelidae (Boucek, 1977; De Santis, 1983b). 


Entedon**. Primarily holarctic. Mainly parasitoids 
of phytophagous Coleoptera, predominantly 
Curculionidae and Bruchidae (Schauff, 1988). 


Entedononecremnus. Neotropics. Endoparasitoids 


of whiteflies (Aleyrodidae) in the subfamily 
Aleurodicinae. One Costa Rican species commonly 
reared from Ceraleurodicus altissimus (LaSalle & 
Schauff, 1994). 


Eprhopalotus. Known from Texas and Costa Rica. 
The only two records for this genus are as para- 
sitoids in galls (Cynipidae and Cecidomyiidae) asso- 
ciated with oak (Quercus) (Schauff, 1991—as 
Aabacharis; Schauff & LaSalle, 1993). 


Euderomphale. Cosmopolitan. Endoparasitoids of 
whiteflies (Aleyrodidae) in the subfamily 
Aleyrodinae (LaSalle & Schauff, 1994). 


Goetheana**. Contains a single widely distributed 
species that is closely related to Ceranisus. Much of 
its large range may be due to introduction. Solitary 
endoparasitoid in immature thrips. 


Holcopelte“*. Mostly holarctic; also known from 
Australasia. Parasitoids of gall-forming Cecido- 
myiidae (Hansson, 1988). 


Horismenus. Predominantly New World, with a 
single European species. Parasitoids or hyperpara- 
sitoids of a variety of hosts, most commonly larvae 
of Coleoptera (e.g.  bruchids,  curculionids, 
buprestids, cerambycids), Diptera and Lepidoptera. 
Two species are hyperparasitoids in spider egg cases 
(Burks, 1971). An undetermined species in Costa 
Rica has been reared from pupae of Cladochaeta 
(Drosophilidae) associated with cercopid spittle 
masses (P. Hanson, pers. comm.). 


Kratoysma. Mainly an Old World genus, with two 
species recently recorded from the New World 
(Hansson € Cave, 1993). Parasitoids of larvae of 
lepidopterous leaf-miners (Gracillariidae). 


Microdonophagus**. Known only from Panama. 
Includes a single species, M. woodleyi, which is a 
gregarious endoparasitoid in the larvae of Microdon 
(Syrphidae) (Schauff, 1986). 


Neochrysocharis. Cosmopolitan. Very closely 
related to Closterocerus and Chrysonotomyia (see 
Hansson, 1990, 1994a,b, 1995). Biology similar to 
Closterocerus. 


Neopomphale. Neotropics. Endoparasitoids of 
whiteflies (Aleyrodidae) in the subfamily 
Aleyrodinae. Recently described by LaSalle & 
Schauff (1994). 


Omphale**, Cosmopolitan. Endoparasitoids of 
larvae of gall-forming Cecidomyiidae and a few 
other gall-forming insects. 


Paracrias. New World, mainly neotropical. Closely 
related to Horismenus. Poorly known biologically, 
but what records there are indicate that species are 
parasitoids- of weevils (Schauff, 19854). 
P. guatemalensis has been reared from Conotrachelus 
perseae (Schauff, 1985a) and P. anthonomi from 
Anthonomus hunteri (Woolley & Schauff, 1987). 


Pediobius. Cosmopolitan, mainly Old World and 
holarctic. Primary or secondary parasitoids, mostly 
of Lepidoptera, but also of Coleoptera, Diptera, 
Hymenoptera, Mantodea (eggs), Hemiptera, 
Thysanoptera and spider egg sacs (Burks, 1966; 
Kerrich, 1973; Peck, 1985). 


Proacrias“F, Neotropics. Probably parasitoids of 
leaf-miners (Bouček, 1977). 


Teleopterus^*. Probably cosmopolitan. Primary or 
secondary parasitoids of eggs or small larvae of 
chrysomelids, lepidopterous leaf-miners, tenthre- 
dinids, tephritids, and agromyzids. 


EUDERINAE 

The genera of Euderinae that occur in Central America, 
with the exception of Hubbardiella, are included in 
Boucek's (1988) key to the Australasian genera. 


Acrias™®. A circumtropical genus with several 
species in Central America, all of which are unde- 
scribed. Biology unknown, but may be similar to 
Astichus. 


Aoridus®, Neotropics and southeast Asia. Biology 
unknown, possibly parasitoids of beetles in dead 
wood (Yoshimoto, 1971b). 


Astichus**, Probably cosmopolitan. Several species 
are known to be parasitoids of small beetles (Ciidae) 
that develop in bracket fungi. 


Euderus*F. A large cosmopolitan genus. Parasitoids 
of larvae of Lepidoptera and Buprestidae in wood, and 
of eggs of Cerambycidae and Curculionidae. Some- 
times develop as hyperparasitoids (Yoshimoto,1971a). 


Hubbardiella^*. Previously known from two speci- 
mens, one from Arizona and one from Trinidad. In 
Costa Rica specimens were collected from highly 
disturbed forest at an altitude of 2100 metres. 
Biology unknown. 


EULOPHINAE 


The Eulophinae appear to be the most primitive sub- 
family of eulophids since they show less specialized 
characters: submarginal vein smoothly joining 
parastigma (Fig. 11.110), postmarginal vein well 
developed, submarginal vein with three or more setae. 
This subfamily has previously been treated as two sub- 
families: the Eulophinae (with incomplete notauli and 
male antenna usually with two to three branches), 
and Elachertinae (with complete notauli and male 
antenna never branched). However, these characters 
are not always reliable. For example, the neotropical 
genus Hoplocrepis has complete notauli and the males 
of many species have branched antennae. 

Many of the genera can be identified using Boucek 
(1988), although his keys do not. include 
Diglyphomorpha, Grotiusomyia, Hoplocrepis, Miotropis, 
Necremnus and Paraolinx. The most important genera 
in Central America are Elachertus and Euplectrus, and 
to a lesser extent, Deutereulophus, Pnigalio, Hoplocrepis 
and Cirrospilus. Elachertus in particular is well repre- 
sented and diverse, and detailed study will be required 
to solve the generic limits of this and related forms. 

Members of the subfamily Eulophinae are mostly 
ectoparasitic idiobionts of insect larvae concealed in 
plant tissue, although Euplectrus and related genera 
(Metaplectrus and Platyplectrus) are ectoparasitic 
koinobionts of exposed hosts. Species of Cirrospilus 
attack a wide range of hosts whereas the host ranges 
of other genera occurring in Central America are 
more easily defined (Table 11.11). 


Aulogymnus**. Holarctic and Australia. Mainly 
parasitoids in galls. 


Cirrospilus“F. Cosmopolitan. Parasitoids (sometimes 
hyperparasitoids) of larvae or pupae, or sometimes 
eggs, of leaf-miners, leaf-rollers and gall-formers. 


Host category — Eulophine parasitoid genus 

Necremnus 

Diaulomorpha, Elachertus, Euplectrus, 
Grotiusomyia, Hyssopus, Miotropis, 
Paraolinx, Stenomesius, Sympiesis, 
Trichospilus 

Diaulinopsis, Diglyphus 

Hemiptarsenus, Pnigalio, Zagrammosoma 

Aulogymnus 


Curculionidae 
Lepidoptera 


Agromyzidae 
Leaf-miners 
Gall-formers 


Table 11.11. Hosts of eulophine eulophid genera, 
excluding Cirrospilus and the Euplectrus group of 
genera (see text), occurring in Central America. 


Deutereulophus“®. Australasia (Bouček, 1988—as 
Entedonomorpha), Neotropics (LaSalle & Schauff, 
1992) and North America (Schauff & LaSalle, 
1993). Biology unknown. 


Diaulinopsis**. Mainly holarctic. Closely related to 
Cirrospilus. Parasitoids of dipterous leaf-miners 
(Gordh & Hendrickson, 1979). 


Diaulomorpha®®. Mainly Australasia, with a 
single described South American species. Mostly 
parasitoids of small caterpillars. One species in 
Santa Rosa National Park has been reared from 
leaf-miners belonging to seven families of 
Lepidoptera, three families of Coleoptera and one 
family of Diptera on a wide array of host plants 
(Memmott et al., 1994). 


Diglyphomorpha**. Caribbean (Bouček, 1977) 
and North America (Schauff & LaSalle, 1993). 
Comprises a single species, D. aurea, which is closely 
related to Elachertus. Biology unknown. 


Diglyphus**, Predominantly holarctic, but species 
have been widely introduced into the Neotropics in 
biological control programmes. Parasitoids of dipter- 
ous leaf-miners (mainly Agromyzidae) on herba- 
ceous plants (Gordh & Hendrickson, 1979). 


Elachertus*. Cosmopolitan. Ectoparasitoids or 
endoparasitoids of small Lepidoptera (Schauff, 19855). 


Euplectrus. Cosmopolitan. Gregarious ectopara- 
sitoids of lepidopterous larvae. They are unusual for 
Chalcidoidea in that they spin silken cocoons. 


Grotiusomyia“*. New World. Parasitoids of small 
Lepidoptera, including leaf-miners and leaf-rollers. 


Hemiptarsenus^" (= Notanisomorpha; Schauff & 
LaSalle, 1993). Cosmopolitan. Parasitoids of leaf- 
miners, mostly Diptera, but also other orders. 


Hoplocrepis®. Mainly neotropical, extending north 
to Virginia. Biology unknown. 


Hyssopus**. Closely related to Elachertus. 
Ectoparasitoids of small lepidopterous larvae bur- 
rowing in plant tissue (Schauff, 1985c). 


Metaplectrus^*. Related to Euplectrus. Solitary 
ectoparasitoids of lepidopterous larvae. 


Miotropis^". Holarctic and northern Neotropics. 
Closely related to Elachertus. Primary or secondary 
ectoparasitoids of the larvae of small Lepidoptera. 


Necremnus. Holarctic and northern Neotropics. 
Ectoparasitoids of larvae of Coleoptera and 
Lepidoptera. 


ParaolinxC*. New World. Parasitoids of larvae of 
small Lepidoptera (Miller, 1964). 


Platyplectrus®. Related to Euplectrus. Solitary or 
gregarious ectoparasitoids of lepidopterous larvae. 


Pnigalio. Cosmopolitan. Parasitoids of the larvae of 
various leaf-miners, mainly Lepidoptera; less com- 
monly they attack gall-formers (Miller, 1970; 
Yoshimoto, 1983). 


Stenomesius. Probably cosmopolitan. Ectoparasitoids 
of a variety of small Lepidoptera larvae (Boucek, 
1962). 


Sympiesis. Cosmopolitan. Solitary or gregarious 
ectoparasitoids of leaf-mining Lepidoptera larvae 
(Miller, 1970). 


Trichospilus®®. Mainly an Old World tropical 
genus, with one species, T. diatraeae, present in New 
World, perhaps as an introduction (Bennett et al., 
1987). Gregarious parasitoids of Lepidoptera pupae 
(Boucek, 1976). 


Host category Tetrastichine parasitoid genus 

Aranobroter, Comastichus 

Thripastichus 

Tamarixia 

Phymastichus 

Aceratoneuromyia, Neotrichoporoides, 
Tachinobia 

Palmistichus, Tetrastichomyia 


Spider eggs 
Thysanoptera 
Psylloidea 
Scolytidae (adults) 
Diptera 


Lepidoptera 

Galls Ceratoneura, Cirrospilopsis, 
Galeopsomyia, Paragaleopsomyia, 
Pentastichus 


Nest-building 


Hymenoptera Melittobia 


Table 11.12. Hosts of selected tetrastichine eulophid 
genera occurring in Central America. 


Zagrammosoma. Cosmopolitan. Closely related to 
Cirrospilus. Parasitoids of leaf-miners, mainly 
Lepidoptera and Diptera (Gordh, 1978; LaSalle, 
1989). 


TETRASTICHINAE 


This is the largest subfamily of Eulophidae. Males have 
a sensory plaque on the ventral surface of the scape, 
and often very long whorls of setae on the funicular 
segments. Most species have traditionally been placed 
in the genus Tetrastichus, but recently this genus has 
been separated into several more natural groups 
(Graham, 1987, 1991; Boucek, 1988). The largest 
genus in all regions is Aprostocetus, with many hun- 
dreds of species, followed by Baryscapus (mainly hol- 
arctic), Tetrastichus and Quadrastichus; other important 
genera in the Neotropics include Galeopsomyia and 
Pentastichus. The only modern keys to genera are for 
Europe (Graham, 1987, 1991), Australasia (Boucek, 
1988) and North America (LaSalle, 1994). The latter 
includes all described genera currently known from 
Central America except Cirrospilopsis, Palmistichus and 
Phymastichus. 

Biologically the Tetrastichinae is one of the most 
interesting groups of Chalcidoidea. Hosts of this sub- 
family are found in 100 families of insects in ten differ- 
ent orders; some are predators of spider eggs, 
gall-forming mites, and even nematodes, while a few 
species are partiall or completely phytophagous. 
Species of  Aprostocetus, Baryscapus, Oomyzus, 
Quadrastichus and Tetrastichus attack a wide range of 
hosts. The host range of other tetrastichine genera 
occurring in Central America are given in Table 11.12. 


Most Tetrastichinae are endoparasitoids (Graham, 
1987), and in several species the greater part of 
larval development takes place in a host stage follow- 
ing that in which the egg was laid (Clausen, 19405). 
There are, however, many exceptions. Melittobia, 
Tamarixia, and several of the species associated with 
galls are ectoparasitoids, and many of these are also 
idiobionts. Species of Aceratoneuromyia and Tachinobia 
are gregarious idiobiont endoparasitoids of dipterous 
pupae. 

Tetrastichine species associated with galls may be 
parasitoids of other insects in the gall, inquilines 
(feeding partially or entirely on gall tissue), or occa- 
sionally gall-formers, as is the case with species in 
the Australian genus Quadrastichodella. These oviposit 
into young flower buds of Eucalyptus species 
(Myrtaceae), transforming them into seed-like galls 
(Flock, 1957). Although very few tetrastichines are 
known to independently elicit gall formation 
(e.g. Ishii, 1931; Teitelbaum & Black, 1954) many 
probably feed partially, or even entirely, on gall 
tissue provided by another insect (e.g. Parnell, 
1964b). One North American species forms its own 
gall within that of a cecidomyiid, but is never 
found forming galls on its own (Hawkins & Goeden, 
1982). In the Neotropics, Lisseurytomella is a seed 
parasitoid. 


Aceratoneuromyia. Mainly Old World, but one 
species is known from North America, and A. indica 
has been imported into the New World in biological 
control programmes. Parasitoids of Diptera, 
mainly Tephritidae, Calliphoridae, Muscidae and 
Sarcophagidae. 


Aprostocetus. Cosmopolitan. Parasitoids of 
cecidomyiids or other gall insects; others attack 
eggs, larvae or pupae of various insects, and many 
are known to be hyperparasitic. 


Aranobroter**. New World, mostly neotropical. 
Predators in spider egg sacs (LaSalle, 1990). 


Baryscapus“*, Mainly holarctic, with some 
species in more southern regions. Parasitoids (or 
sometimes hyperparasitoids) of a wide range of 
hosts including Diptera, Coleoptera, Lepidoptera, 
and a few others. 


Ceratoneura. Mainly circumtropical, with a few 
species in the Nearctic. Parasitoids/inquilines in 
cecidomyiid galls. 


Cirrospilopsis^"^. Known from one described 
species from Brazil and an undescribed species from 
Costa Rica. Inquilines in galls of psyllids of the 
genus Neolithus (Triozidae). 


Comastichus. The single known species, C. 
zopheros, has been collected in Florida and Costa 
Rica. Associated with spider egg sacs. 


Eriastichus. Texas to Brazil. Biology unknown. 


Galeopsomyia. New World, mainly neotropical. 
Parasitoids/inquilines in galls formed by 
Cecidomyiidae and Cynipidae. 


Henryana**. Mainly neotropical, with a few species 
known from the southeastern United States, and 
one undescribed species each from Africa and 
southeast Asia. Biology unknown. 


Lisseurytomella**. Florida Texas, the Caribbean 
and Guyana. The single known species, L. flava, is 
phytophagous, infesting the seeds of Cardiospermum 
spp. (Sapindaceae). 


Melittobia“F. Cosmopolitan. Gregarious parasitoids 
(or sometimes hyperparasitoids) of mainly aculeate 
Hymenoptera, but with an extremely wide host 
range, particularly under laboratory conditions 
(Dahms, 1984a). 


Neotrichoporoides*F. Mainly palaeotropical, with a 
single cosmopolitan species, N. viridimaculatus, 
known from Central America. Parasitoids of Diptera 
in stems of grasses. 


Oomyzus**. Known from all regions except the 
Neotropics. Parasitoids of Coleoptera, less often 
Neuroptera, Diptera, or Lepidoptera, attacking 
larvae or pupae, or sometimes eggs (of 
Chrysomelidae or  epilachnine Coccinellidae). 
Several species have been used in biological control 
programmes, particularly O. sokolowskii against 
diamond-back moth, Plutella xylostella. 


Palmistichus. Neotropical, with two described 


species. . Parasitoids of Lepidoptera (e.g. 
Nymphalidae, Limacodidae), mostly pupae but also 
larvae or eggs; sometimes hyperparasitoids: also, 
eggs of hispine Chrysomelidae (Delvare & LaSalle, 
1993). 


Paragaleopsomyia®®. A New World tropical and 
subtropical genus. Species are associated with galls 
of Cecidomyiidae and one has been shown to form 
its own gall within the cecidomyiid gall. 


Pentastichus^". New World, mainly neotropical. 
Some species appear to be associated with galls, 
although most species are undescribed and rela- 
tively little biological information is available. 


Phymastichus. The single described species of this 
genus occurs in Africa, but a second species is 
known from Hawaii, the southeastern United States 
and Costa Rica (LaSalle, 1995). Parasitoids of adult 
scolytid beetles (Feldhege, 1992). 


Quadrastichus“F. Cosmopolitan. Parasitoids of 
Cecidomyiidae or various Coleoptera, although 
other hosts are known. 


Tachinobia*". Cosmopolitan, but rarely encoun- 
tered. Gregarious endoparasitoids, mostly in pupae 
of Tachinidae associated with Lepidoptera, but also 
in various other Diptera. 


Tamarixia®®, Cosmopolitan. Parasitoids of 


Psylloidea. 


Tetrastichomyia. Mainly holarctic, with species 
known from Africa and Central America. Biological 
information is only available for one species, the 
holarctic T. clisiocampae, which attacks a variety of 
lepidopterous hosts as a primary, or sometimes sec- 
ondary, parasitoid. 


Tetrastichus. Cosmopolitan. Primary (or sometimes 
secondary) parasitoids of a variety of hosts, includ- 
ing Diptera, Coleoptera, Lepidoptera, Hymenoptera, 
and more rarely, Odonata and Blattaria. 


Thripastichus®*, Widely distributed throughout 
the world, although much of this is probably due to 


introductions. The single described species, T. gen- 
tilei, is a parasitoid of Phlaeothripidae. 


Gary A. P. Gibson 


Diagnosis. 1.3 to 20.0 mm in length (excluding 
ovipositor), fully winged to brachypterous; dead indi- 


viduals often contorted into U-shape, with head and 


metasoma reflexed upwards. Eyes with inner margins 
converging above. Prepectus not inflated anteriorly 
beside pronotum; mesopleuron with at least anterior 
two-thirds plate-like, enlarged and almost always convexly 
inflated; mesosternum usually with small semicircular 
membranous region anterior to each mid coxa. Fore 
wing with marginal vein conspicuously longer than 
stigmal vein; postmarginal and stigmal veins relatively 
long, or if very short then wing usually very sparsely 
setose or glabrous. Legs with mid coxa attached dis- 
tinctly behind midline of mesopleuron, adjacent to hind 
coxa and far from fore coxa; fore tibia with one or more 
tiny, curved spicules along dorsoapical margin; mid 
tibial spur long, usually conspicuously robust and 
microsetose; tarsi 5-segmented; mid tarsus usually 
slightly thickened toward base and either densely pad- 
like setose or with peg-like spines ventrally. Metasoma 
without a distinct petiole; cerci not conspicuously 
advanced forward. 

Males of the subfamily Eupelminae lack the diag- 
nostic features listed above, except for the dorsally 
convergent eyes, relatively long though slender mid 
tibial spur, and dorsoapical fore tibial spicules. Male 
eupelmines are very similar to many male pteroma- 
lids, particularly cleonymine males, which also have 
dorsally convergent eyes and often the two described 
tibial features. With experience, male eupelmines can 
be distinguished from male pteromalids by a combina- 
tion of external features. Cleonymine males often have 
distinctly larger hind coxae and a more coarsely retic- 
ulate femoral depression than do male eupelmines, but 
males of the two groups are distinguished by only a 
single absolute character that requires removal of the 
mid coxae to be seen, i.e. cleonymine males have the 
two mid coxal fossae completely separated by cuticle 
whereas male eupelmines have the fossae partly 
joined by a transverse membranous region. 


Fig. 11.117. Eupelmidae: Eupelminae. 


Classification and distribution. Eupelmidae are 
cosmopolitan, but the family is most diverse in 
warmer climates. Approximately 850 species are 
classified in three subfamilies: Eupelminae, Calosotinae 
and Neanastatinae (= Metapelmatinae). The genera of 
Calosotinae and Neanastatinae were revised by Gibson 
(1989), who treated the latter subfamily as the 
Metapelmatinae (Boucek, 1988) because the name 
Neanastatinae (Kalina, 1984) had been overlooked. 
The Calosotinae is composed of eight genera, of which 
Calosota and — Eusandalum are cosmopolitan, 
Archaeopelma and Licrooides are restricted to the New 
World, Paraeusandalum is restricted to Chile, and three 
genera are restricted to the Old World. The 
Neanastatinae consists of the cosmopolitan genus 
Metapelma, the neotropical genus Lambdobregma, and 
two Old World genera. The genera of the Eupelminae 
are being revised by Gibson (1995). Thirty-three 
genera will be recognized for the world, of which 25 
are known from the Neotropical region and 19 occur 
in Costa Rica. Ultimately, the eupelmine species diver- 


sity in Costa Rica is likely to prove greater than that of 
all of America north of Mexico, from which only 14 
eupelmine genera are known. 

Males and females of the Calosotinae and 
Neanastatinae are similar in structure, but extreme 
sexual dimorphism characterizes the Eupelminae. 
Male eupelmines are largely unmodified and pteroma- 
lid-like, whereas female eupelmines are highly 
modified. This ‘either-or’ structure for Eupelminae 
contrasts with Calosotinae, in which the sexes are 
structurally similar but individuals of some genera are 
relatively primitive and pteromalid-like, whereas indi- 
viduals of other genera are highly modified and very 
similar to female eupelmines. Relationships among the 
subfamilies and with other chalcidoids are unresolved. 
Because the mesosomal structures that characterize 
Eupelmidae are all modifications related to how they 
jump (Gibson, 1986b), it is possible that the features 
were derived independently in each of the three sub- 
families and Eupelmidae is a grade level taxon that is 
not monophyletic (Gibson, 1989). 


CHER com aa 


Biology. Generalizations about eupelmid biology are 
based almost entirely on species from the Northern 
Hemisphere and very little is known about the biology 
of the much more diverse neotropical fauna. However, 
most eupelmids appear to be idiobiont ectoparasitoids 
or predators of the immature stages of other arthro- 
pods concealed in plant tissue or silken sacs. Some 
species, especially those that attack exposed insect 
eggs, develop as endoparasitic idiobionts. Koinobiosis 
has never been reported in the family. 

Like many other groups of idiobiont ectoparasitoids 
the range of hosts utilized by eupelmids is extremely 
diverse, including species of Orthoptera, Blattaria, 
Mantodea, Hemiptera (Heteroptera and Homoptera), 
Neuroptera, Coleoptera, Diptera, Lepidoptera and 
Hymenoptera, as well as the eggs of spiders. Hosts 
attacked occur in a wide variety of situations, includ- 
ing borings in wood and plant stems, aculeate nests, 
galls and various forms of cocoons. In some ways this 
parallels the diversification of host utilization observed 
in other groups of idiobiont ectoparasitoids such as 
pimpline ichneumonids (e.g. see Gauld, 1988c and 
Chapter 12.1). 

Most Calosotinae and some Neanastatinae (e.g. 
Metapelma) are ectoparasitoids of beetles living in 
wood. Species of the extralimital genus Neanastatus 
are ectoparasitoids or predators of gall-midges 
(Diptera: Cecidomyiidae) and their primary para- 
sitoids. Parasitism of wood-inhabiting beetles is much 
rarer in the Eupelminae, but eupelmines, like all 
eupelmids, possess small spicules on the dorsoapical 
margin of each fore tibia. Similar spicules are charac- 
teristic of a wide variety of parasitoids of wood-inhab- 
iting beetles and apparently spicules evolved several 
times to assist adult parasitoids in exiting the host 
tunnel. It is possible that the presence of fore tibial 
spicules on male and female eupelmines represents a 
relict feature and that wood-inhabiting beetles repre- 
sent the ancestral hosts for members of all three 
eupelmid subfamilies. 

The host spectrum of Eupelminae is very wide. 
Species of the common genera Brasema and Eupelmus 
are mostly ectoparasitoids of larvae and pupae con- 
cealed in plant tissue or fibrous material. Many species 
are polyphagous, apparently accepting diverse hosts of 
similar physical appearance in a particular ecological 
niche. The larvae are voracious, acting as parasitoids if 
a single host is available, but usually as predators if 
more than one host is available. Hyperparasitism is 


common and invariably the eupelmine is the successful 
competitor if a primary host is parasitized by more than 
one parasitoid species. Superparasitism also occurs in 
some species, but usually only a single adult emerges. 
Larvae of Eupelmus australiensis (most literature for this 
species is recorded under the name E. popa), may even 
complete their development on plant tissue if they have 
consumed at least one larva or pupa of the sorghum 
midge (Cecidomyiidae) (Woodruff, 1929). 

Species of Anastatus are mostly endoparasitoids of a 
wide range of insect eggs, including those of 
Orthoptera, Blattaria, Hemiptera and Lepidoptera. 
However, some species that normally attack eggs of 
Lepidoptera also develop as secondary ectoparasitoids of 
cocooned microgastrine braconids (Clausen, 1940b). 
One species of Oozetetes was reared as an endopara- 
sitoid of cockroach eggs, and females of this genus, like 
those of Anastatus, have bidentate mandibles, unlike the 
tridentate mandibles of most eupelmids. Further investi- 
gation is required to determine whether bidentate 
mandibles is a common feature among eupelmid 
endoparasitoids of insect eggs. 

There is little information on the specific cues 
involved in host-searching behaviour in Eupelmidae. 
Parasitoids of concealed hosts possibly use chemical 
cues, because Macroneura vesicularis has been shown 
to have increased preference for a braconid host pro- 
portional to the state of the development of the host, 
neglecting eggs, but having maximum preference for 
pupae (Morris, 1938). Chemical cues are also indi- 
cated for a species of Eupelmus that was shown to be 
attracted to larval and pupal skins removed from the 
mines of its leaf-mining beetle host (Taylor, 1937). 
Anastatus floridanus may be attracted by some sub- 
stance in the saliva of female cockroaches (used to 
cement a covering for the oothecae), but may also be 
attracted to the adults themselves because females are 
known to attack oothecae while they are still attached 
to the cockroach (Roth & Willis, 1954). 

Female eupelmines host-feed from all host stages 
(Clausen, 1940b), although a feeding tube has only 
been observed when feeding on hosts other than eggs 
(Delanoue & Arambourg, 1965). Females of some 
ectoparasitoid species also paralyse the larval or pupal 
host prior to oviposition. Usually the egg is deposited in 
the vicinity of the host rather than being placed directly 
on it. Even egg parasitoids appear to avoid ovipositing 
directly in the embryo, but rather place their egg in the 
fluid surrounding the embryo (Clausen, 1940b). Species 


of Brasema and Eupelmus usually attach their eggs to 
the inner wall of the host cocoon or mine, and several 
species use a network of fibrous material to cover the 
eggs (Phillips & Poos, 1921; Delanoue & Arambourg, 
1965). Askew (1961a) suggested that the covering pro- 
tected the eggs from being crushed by movements of 
the host larva, but it is unknown why often only some 
of the eggs are covered by the female. 

The eupelmid egg is ellipsoidal, has an unsculp- 
tured chorion, and usually has a filament at one end 
and a longer stalk at the other end, which is used by 
some species to attach the egg to a substrate (Clausen, 
1940b). There are normally five larval instars. The 
first instar larva is 13-segmented; first instar larvae of 
ectoparasitoid species have sparse longitudinal rows of 
long setae that assist in movement during feeding. 
First instar larvae of species of Anastatus and 
Mesocomys, which are both endoparasitoids, have 
ventral spines and a bifurcate tail, which are used for 
locomotion within the liquid medium of the egg. 
Intermediate and final instars are more similar in 
form, the larvae usually being cylindrical but slightly 
curved, lacking caudal processes, and being covered 
by rows of short setae or spines. The duration of the 
life cycle is variable, but the period devoted to feeding 
is always relatively short, ranging from one to two 
weeks (Clausen, 1940b); species overwinter as mature 
larvae. 

Female eupelmines, and to a lesser extent males and 
females of the other two subfamilies, often die in a con- 
torted U-shape, a structural peculiarity resulting from 
how they jump (Gibson, 1986b). Except for male 
eupelmines, eupelmids are very powerful and incredi- 
bly quick jumpers, and in the early literature one 
species was called the ‘back-rolling wonder’ (Clausen, 
1927) because individuals often tumble upon landing. 
Jumping does not appear to be used for moving around 
and probably evolved as an escape mechanism from 
predators, possibly ants and spiders. Male eupelmines 
fly readily and female eupelmines walk very rapidly in 
addition to jumping, but even fully winged females 
either can not fly or are very poor fliers. Reduced ability 
to fly appears to be a consequence of mesosomal 
modifications to increase jumping ability, which inter- 
fere with functioning of the wing axillary sclerites. 
Brachyptery is not known for Calosotinae or 
Neanastatinae, but female brachyptery is common in 
Eupelminae and possibly also is a consequence of selec- 
tion for increased jumping ability at the expense of 


flight ability. Presumably, a further consequence is a 
lesser potential for dispersal than for most fully winged 
parasitoids. In many eupelmine species reduced flight 
ability is associated with polyphagy, including hyper- 
parasitism. 


Economic importance. The sorghum midge 
(Contarinia sorghicola) is attacked by Eupelmus aus- 
traliensis, and the brown-banded roach (Supella supel- 
lectilium) is attacked by Anastatus tenuipes. Both 
eupelmid species are cosmopolitan and probably are 
present in Central America. Lecaniobius utilis has 
been used for biological control of the black scale 
(Saissetia oleae) in North and South America, and 
Anastatus japonicus (most literature for this species is 
recorded under the name A. disparis) was introduced 
into North America from Europe for biological 
control of the gypsy moth (Lymantria dispar). Other 
eupelmids are parasitoids of pest insects, but few 
species have been utilized for biological control, prob- 
ably because of the ability of many species to develop 
readily as secondary parasitoids. One consequence of 
their polyphagous potential is that eupelmines can 
become pests of phytophagous insects introduced for 
biological control of weeds. Macroneura chrysosi- 
namora was shown to have parasitism rates of up to 
25 percent on a case-bearer that was introduced into 
California for biological control of Russian thistle. It 
was suggested that adaptation of such native para- 
sitoids as M. chrysosinamora to the case-bearer was 
the reason for its poor establishment and ineffective- 
ness as a biological control agent (Goeden et al., 
1987). 


Identification. Keys to the genera of the 
Calosotinae and Neanastatinae were given by Gibson 
(1989), and separate keys based on sex to the genera 
of the Eupelminae will be given by Gibson (1995). 
Gibson (1989) also included a key to distinguish 
members of the three subfamilies from each other and 
from other chalcidoids, from which the following key 
is adapted. 


Key to subfamilies of Eupelminae present 
in New World 


il Mesosternum with posterior margin transverse 
along (abutting) bases of mid coxae (Fig. 


11.118); pronotum large, subtriangular and 
evenly sclerotized (Fig. 11.120); mid tarsus 
with single row of pegs along anteroventral 
margin of tarsal segments.................... eere 
PO d a ER Neanastatinae (p. 334) 
—  Mesosternum with a small membranous area in 
front of each mid coxa (Fig. 11.119), or coxa 
rotated anteriorly out of fossa and concealing 
area; pronotum more or less pentagonal 
(Fig. 11.121), or if subtriangular then medi- 
ally divided or with a white line and often 
depressed; mid tarsus without pegs or with a 
different arrangement of pegs. ...................... 2 


2 J Mesoscutum with anterolateral corners conspicu- 
ously shoulder-like on either side of more or 
less pentagonal and evenly sclerotized prono- 
tum (Fig. 11.121); fully winged and notauli 
either as V-shaped or subparallellines ............ 
E Nerio Calosotinae (p. 333) 

—  Mesoscutum not conspicuously shoulder-like on 
either side of pronotum, which often is divided 
or has a medial white line; brachypterous, or if 
fully winged then notauli as V-shaped, furrow- 
like depressions (females only). ........................ 
bonc TERES RNC ARa TER Eupelminae (p. 334) 


FORE 
COXA 
COXA ARE 
I. 
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Synopsis of the Costa Rican fauna 


CALOSOTINAE 


This subfamily comprises eight genera (Gibson, 1989), 
five of which occur in the New World: 
Paraeusandalum, known only from Chile, and the fol- 
lowing four genera that occur in Costa Rica. 


Archaeopelma®®!. Southwestern United States to 
Brazil; one described and at least two undescribed 
species, one of the latter occurring in Costa Rica. 
Scutellum pointed basally (anteromedial angles of 
axillae contiguous); notauli V-like, convergent. 
Biology unknown, but possibly parasitoids of 
xylophagous beetles. 


Calosota. Cosmopolitan; about 70 described 
species. Scutellum truncate basally (axillae not con- 
tiguous; Fig. 11.121), notauli subparallel. The 
nearctic species were revised by Burks (1973). 
Biology: parasitoids of beetles associated with dead 
wood (Anobiidae, Cerambycidae, Cleridae, 
Scolytidae), solitary wasps (Eumeninae, Sphecidae) 
and solitary bees. Some species are primary or sec- 
ondary parasitoids of various insects in grass stems 
such as Cecidomyiidae and Eurytomidae. 
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Figs 11.118-11.121. Eupelmidae. Figs 11.118-11.119. Mesosternum; 11.118, Lambdobregma sp. (Neanastatinae); 11.119, 
Calosota sp. (Calosotinae). Figs 11.120-11.121. Dorsal view of mesosoma; 11.120, Lambdobregma sp.; 11.121, Calosota sp. 
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Eusandalum. Cosmopolitan; about 60 described 
species. Scutellum truncate, appearing more or less 
petiolate basally because inner margins of axillae 
are incurved; notauli convergent posteriorly; meso- 
pleuron convexly enlarged to the metapleuron. The 
nearctic species were revised by Girault (1917). 
Biology: parasitoids of xylophagous beetles— 
Anobiidae, Bostrichidae, Buprestidae, Cerambycidae, 
Curculionidae, Lyctidae and Scolytidae. 


Licrooides. Southwestern United States to 
Argentina; one described and at least six unde- 
scribed species, one of the latter occurring in Costa 
Rica. Scutellum truncate basally, but with the 
obliquely angled inner margins of the axillae 
straight; notauli convergent posteriorly; mesopleu- 
ron not convexly enlarged to the metapleuron. 
Biology unknown, but possibly parasitoids of 
xylophagous beetles. 


NEANASTATINAE (= Metapelmatinae) 


This subfamily comprises four genera (Gibson, 1989), 
two of which occur in the New World. 


Lambdobregma. Florida to Brazil and Chile; one 
described and four undescribed species. L. schwarzi 
and one undescribed species occur in Costa Rica. 
Hind tibia and tarsal segments not compressed; 
scrobes present as convergent furrows above anten- 
nal bases. Biology: apparently endoparasitoids of the 
eggs of crickets (Gryllidae). 


Metapelma. Cosmopolitan; about 40 described 
species. Hind tibia and tarsal segments laminately 
compressed; scrobes present as short vertical depres- 
sion above each antennal base. The world species 
were revised by Ferriére (1938). Biology: parasitoids 
of xylophagous beetles (Bostrichidae, Buprestidae, 
Cerambycidae and Curculionidae). 


EUPELMINAE 


This is by far the largest subfamily of Eupelmidae. As 
currently defined, 15 genera are known to occur in 
Costa Rica. Three of these, however, are likely to be 
reduced to subgeneric rank. On the other hand, seven 
undescribed genera occur in the country, thus bring- 
ing the total number of genera to 19. Keys to the 
world genera are not yet available (Gibson, in prep.). 
Males are difficult to identify to genus, but the genera, 


as currently recognized, can be separated into two 
groups based on females. 


Group A. Metasoma with posterior margin of last 
tergite deeply emarginate (shaped like the Greek letter 
omega, Q) and inner apical margin of mid tibia without 
groove between base of tibial spur and base of tarsus. 


Australoodera™, Circumtropical; at least 12 species, 
. mostly undescribed (Bouček, 1988); two undescribed 
species occur in Costa Rica. Metasoma with penulti- 
mate tergite (tergite VII) bearing a spiracle, entire 
and not concealed under tergite VI; head with 
scrobal margin carinate and paralleling inner margin 
of eye; scape with a longitudinal white band and 
body mostly yellowish to brown, though sometimes 
partly white. Biology: reared from larvae of 
Lepidoptera and Scolytidae (Boucek, 1988). 


Eupelmus. Cosmopolitan; at least 200 species 
(Boucek, 1988); uncommon and depauperate in the 
Neotropics in comparison with the Nearctic. 
Metasoma with penultimate tergite (tergite VII 
bearing a spiracle) medially divided and largely con- 
cealed under tergite VI, which extends posteriorly 
to the spiracle; females fully winged and almost 
always with a linea calva; usually uniformly metal- 
lic green. Biology: ectoparasitoids of larvae and 
pupae concealed in plant tissue. 


Hirticauda**. Australia and Neotropics. Similar to 
Reikosiella, except the mid tibia has apical pegs and 
the antennal flagellum has one or more segments 
white. Biology unknown, but the slim body suggests 
development in narrow stems (Boucek, 1988). 


Macroneura‘®. Cosmopolitan; about 20 species. 
Similar to Eupelmus species, except they are 
brachypterous. Biology: ectoparasitoids of larvae 
and pupae concealed in plant tissue. 


Phlebopenes. New World; 14 described species; 
pilipes and viridis are reported from Costa Rica, 
though these may be conspecific, and consors is 
known from Guatemala and Colombia (Callan, 
1976). Large, 5 to 20 mm long, excluding the 
ovipositor, which is at least twice the body length; 
metasoma like that of Australoodera; partly or 
entirely metallic. Biology: the long ovipositor sug- 


gests that they may also be parasitoids of 
xylophagous beetles; moreover, specimens have 
been taken from logs (H. Hespenheide, pers. 
comm.). One species has been reared from 
Trypoxylon nitidium (Sphecidae), 


Reikosiella“F, Cosmopolitan. Metasoma like that of 
Australoodera; head with scrobal margin directed 
toward the inner margin of the eye so that the 
scrobal depression occupies virtually the entire 
region between the eyes; marginal vein distinctly 
longer than the costal cell; body mostly yellowish to 
dark brown, with the scape uniformly coloured. 
Biology: the Hawaiian type-species was reared from 
a pyralid larva in fruit (Boucek, 1988). 


Group B. Metasoma with posterior margin of last 
tergite only very rarely conspicuously emarginate; if 
so, then inner apical margin of mid tibia with oblique 
groove between base of tibial spur and base of the 
tarsus. Last tergite almost always truncate api- 
cally, or reflexed into linear rim or fingernail-like 
flange. 


Anastatus. Cosmopolitan; at least 200 species 
worldwide, many of them undescribed (Boucek, 
1988). This is the most speciose genus of eupelmids 
in Costa Rica, where there are perhaps 30 species. 
Mandible bidentate; metasoma with a basal whitish 
region at least ventrally and usually also dorsally; 
fully winged individuals with fore wing infuscate, 
with hyaline spots or a cross-band behind the mar- 
ginal vein. The nearctic species were revised by 
Burks (1967). Biology: parasitoids of insect eggs, 
mostly Hemiptera and Lepidoptera, but also 
Orthoptera, Blattaria and Mantodea; occasionally 
other hosts in similar situations. 


Arachnophaga. Mostly New World, but also Africa 
and southwestern Europe. Mandible tridentate; head 
relatively flat in lateral view, antennae attached 
below eyes, with a rounded or carinate ridge 
between the torulus and lower margin of the eye; 
fully winged individuals with fore wing evenly 
infuscate behind marginal vein. The New World 
species were revised by Gahan (1943). Biology: 
ectoparasitoids or predators of arthropods enclosed 
in silk, i.e. lepidopterous pupae, chrysopid cocoons 
(Clancy,1946) and spider egg sacs. A. opaca was 


described from spider egg sacs in Panama (Gahan, 
1943). 


Brasema. Widespread in warm regions; about 50 
species. Likely to be the most speciose genus in 
Costa Rica after Anastatus; most of the described 
species are, however, currently classified as 
Eupelmus. Mandible tridentate; posterior margin of 
last tergite truncate or slightly incurved, but not 
constricted or reflexed into a rim or flange; fully 
winged individuals usually with fore wing hyaline; 
posterior margins of most tergites usually distinctly 
emarginate. Biology: ectoparasitoids of xylophagus 
beetle larvae and other hosts concealed in plant 
tissue. 


Encyrtaspis. New World; six described species. 
Similar to Arachnophaga, except that posterior 
margin of the conspicuously compressed hind tibia 
is white, and scutellum with a tuft of erect black 
setae. Biology: primary and secondary parasitoids of 
Lepidoptera. 


Lecaniobius. New World. Mandible tridentate; 
scrobes are separate, carinately margined channels 
converging to median ocellus; hind tibia conspicu- 
ously compressed; fore wing evenly infuscate 
behind marginal vein. The nearctic species were 
revised by Compere (1939). Biology: predators of 
eggs of scale insects or hyperparasitoids of scale 
insects (Smith € Compere, 1928), especially 
Coccidae (e.g. Saisettia) 


Macreupelmus. Central and South America, with 
one species known from Costa Rica. Mandible 
bidentate; prothorax and posterior surface of fore 
femur with long conspicuous black setae; last stern- 
ite with dense patch of silvery white setae along its 
anterolateral margin; fore wing infuscate with a 
tapered hyaline streak behind the marginal vein. 
Biology unknown. 


Ooderella“E, Neotropics; moderately  speciose, 
although most species are undescribed. Brachyp- 
terous; pronotal collar quadrangular, medially 
divided, and usually with right-angled to cone-like 
anterolateral corners; mesopleuron uniformly 
coloured and usually with a conical tuft of setae 
near the prepectus. Biology unknown. 


Oozetetes^". Florida to South America. Mandible 
bidentate; metasoma uniformly dark in colour; pos- 
terior margins of most tergites straight; fore wing 
hyaline to partly infuscate, but without well defined 
hyaline spots or a cross-band. Biology: parasitoids 
of cockroach eggs. 


Zaischnopsis“*. Cosmopolitan, speciose in Costa 
Rica; the described species are currently classified in 
Anastatus. Mandible tridentate; fore wing usually 
infuscate with either a hyaline cross-band, symmet- 
rical spots, or a tapered streak behind the marginal 
vein; metasoma uniformly dark; posterior margin of 
last tergite slightly constricted and/or reflexed as a 
rim or a fingernail-like flange. Biology: one species 
has been reared from eggs of Orchelimum sp. 
(Tettigoniidae). 
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Diagnosis. Body length about 1.5 to 7.5 mm, 
robust to slender; usually black and/or yellow (only one 
genus is metallic coloured in the New World), strongly 
sclerotized. Antenna with 9-13 segments, inserted about 
midway between the mouth and anterior ocellus; male 
antenna often with whorls of long trichoid sensilla 
(setae). Pronotum (viewed from above) quite large and 
broadly rectangular, often with broad punctures; meso- 
scutum with notauli complete, often deep. Fore wing 
with marginal vein generally longer than stigmal 
vein, postmarginal vein always present but sometimes 
quite short. Tarsi 5-segmented. Metasoma very rarely 
broadly joined to the propodeum, petiole elongate to 
inconspicuous; often somewhat laterally compressed 


Fig. 11.122. Eurytoma sp. (Eurytomidae: Eurytominae). 


and circular to oval in lateral view, sometimes 
dorsoventrally flattened; usually smooth, shining, 
and non-collapsing; ovipositor usually hidden, not 
prominent, 


Classification and distribution. The Eurytomidae 
has a cosmopolitan distribution and contains about 
1200 described species in 79 genera. Although the 
family has often been divided into as many as seven 
subfamilies (Burks, 1971; Zerova, 1989), or into 
several tribes (Subba Rao, 1978), there is little evi- 
dence that these groups are monophyletic. There are, 
however, three fairly well defined subfamilies (Stage & 
Snelling, 1986; Boucek, 1988): Heimbrinae (New 
World), Rileyinae (cosmopolitan) and Eurytominae 
(cosmopolitan). 


Biology. Eurytomids include both carnivorous and 
phytophagous species. Most of the carnivorous species 
are ectoparasitic idiobionts of hosts concealed in plant 
tissue, although species of Neorileya are endoparasitic 
idiobionts in the exposed eggs of Pentatomidae. A few 
eurytomid species are koinobionts. For example, in the 
Holarctic region Eurytoma obtusiventris, E. seratulae 
and E. tibialis (= curta) oviposit in young gall-forming 
tephritid larvae; the host and parasitoid develop con- 
currently, and eventually the parasitoid larva stimu- 
lates early pupation of the host (Varley, 1937; Uhler, 
1951; Claridge, 1961). Larvae of phytophagous eury- 
tomids generally feed in seeds but some are gall- 
formers on other parts of the plant. The biological 
diversity outlined for the family can be seen in the 
largest and most common genus, Eurytoma. Most 
species in this genus are parasitoids or inquilines 
in galls formed by other insects, but several are para- 
sitoids of beetle larvae in seeds or stems (primarily 
Bruchidae, Curculionidae and Scolytidae), or other 
holometabolous larvae in plant stems. In North 
America, phytophagous species of Eurytoma occur in 
seeds of Juniperus (Cupressaceae), Ceanothus 
(Rhamnaceae) and Rhus (Anacardiaceae) (Burks in 
Krombein et al., 1979). 

Ectoparasitic idiobiotic eurytomids usually attack 
the host larva or pupa (e.g. Taylor, 1929). Although 
observations are scarce, this primitive type of para- 
sitoid behaviour presumably occurs in Axima (which 
attack bees in stems), Bephratoides (wood-boring 
beetles), Chryseida (bruchids in seeds), and possibly in 


Rileya (cecidomyiid gall midges). Sometimes, however, 
other stages of the host may be attacked. Conoaxima, 
for example, parasitizes the adult queens of Azteca ants 
living in stems of Cecropia (Brues, 1922) and other 
eurytomids attack concealed eggs. Many of these are 
technically predators since the parasitoid larva con- 
sumes several host eggs—for example, the North 
American Macrorileya on tettigoniid eggs (Smith, 
1930), the European Archirileya and Eurytoma oophaga 
also on tettigoniid eggs (Silvestri, 1920), and E. 
(Desantisca) arachnovora and E. (D.) latrodecti on spider 
eggs (McMurty, 1978). 

Eurytoma species attacking spider eggs are morpho- 
logically similar to species of the E. braconidis group 
(Boucek, 1988)—such as the European E. appendigaster 
and the North American E. verticillata (Grissell, 
1985)—which are pseudohyperparasitoids in cocoons 
of Braconidae and Ichneumonidae. Like spider eggs, 
these hosts are enclosed in silk. The female wasp paral- 
yses the host, constructs a feeding tube through the 
cocoon wall in order to host-feed, and then oviposits 
(Faure, 1926; Rosenberg, 1934). An undetermined 
species in Honduras was reared from a microgastrine 
braconid attacking a pierid (possibly Melete) on 
Guazuma ulmifolia (Sterculiaceae) although it is not 
known whether it is a facultative or obligatory hyper- 
parasitoid (specimens in Zamorano, Honduras). 

The Asian Eurytoma monemae has a very unusual 
biology. This species is a gregarious ectoparasitoid of 
mature lepidopteran larvae in their cocoons (Piel, 
1933). The female eurytomid is dependent upon 
another parasitoid to gain access to the host, i.e. she 
follows a chrysidid and uses the puncture of the 
latter in which to oviposit. The larvae develop, 
pupate within the host cocoon, adults emerge 
through the same puncture hole, and sometimes 
another generation of parasitoids develops on the 
same host. Dependency upon another parasitoid to 
gain access to the host is a form of cleptoparasitism 
(see Chapter 2.5) and is known to occur in a few 
other eurytomids, such as the North American E. 
pini, a parasitoid of the pine shoot moth (Arthur, 
1961). 

The manner in which phytophagy evolved in the 
Eurytomidae can perhaps be seen in Eurytoma parva, 
which is initially an ectoparasitoid of young Tetramesa 
tritici larvae in grass stems. The first instar larva of E. 
parva consumes the host but the remaining instars 
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feed on plant sap. The parasitoid is capable of develop- 
ing entirely on plant tissue but apparently the host 
insect is required as a stimulus for oviposition 
(Phillips, 1927). 

Phytophagy appears to be restricted to certain 
members of the subfamily Eurytominae. Phyto- 
phagous genera in Central America include: 
Bephratelloides (in seeds of Annona, Annonaceae); 
Bruchophagus (in seeds of Leguminosae); Systole (in 
seeds of Umbelliferae); and Tetramesa (in galls in 
stems or seeds of Gramineae). Some Central 
American species of Eurytoma appear to be phy- 
tophagous in seeds of Croton (Euphorbiaceae), 
orchids (including vanilla), and other plants. Various 
neotropical species of Prodecatoma are apparently 
phytophagous in seeds, especially those of Myrtaceae 
and Rubiaceae. 

The eggs of Eurytomidae are usually oblong in 
shape with a collapsed stalk at the anterior end and 
a flagellum of varying length at the opposite end. 
Eurytoma species that deposit the egg external to the 
host generally have eggs with a heavily sculptured 
chorion, with pubescence or spines, giving it a dark- 
ened appearance (Claridge & Askew, 1960). The first 
instar larva is oval to elongate, with 13 body seg- 
ments and a large, hemispherical or conical shaped 
head which bears sensory setae; there are four pairs 
of sensory setae on each thoracic segment and three 
on each abdominal segment. In most Eurytoma 
larvae the integument is covered in setae, either uni- 
formly distributed or occurring in bands on each 
segment. There are usually four pairs of spiracles, 
one on the mesothorax and three on the abdomen, 
but some have five, eight, or ten pairs of spiracles. In 
the second instar larva the sensory setae are 
reduced. The mature larva (there are normally five 
instars) is more robust, with nine pairs of spiracles 
(second and third thoracic, and first seven abdominal 
segments). In Axima and Conoaxima there are median 
dorsal welts on the thoracic and abdominal 
segments. 


Economic importance. The Eurytomidae contains 
both pest and beneficial species. In the North 
Temperate zone some Tetramesa species are pests of 
cereal crops (Phillips, 1936; Claridge, 1961), certain 
Bruchophagus species damage seeds of Leguminosae 
(Carillo & Dickason, 1963), and Eurytoma amygdali is 
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a significant pest of almonds (Zerova & Fursov, 1991). 
In Central America Bephratelloides is one of the 
most serious pests of guanabana (Annonaceae) 
(Korytkowski €: Peña, 1966; Grissell & Schauff, 1990; 
Nadel € Peña, 1991). Larvae feed on the seeds, and 
damage fruit production by interfering with normal 
ripening. Systole coriandri infests seeds of coriander 
(Umbelliferae) worldwide, and an unidentified species 
was taken from seeds of Curcuma domestica 
(Zingiberaceae) in quarantine in Trinidad (NHM 
label). The widespread tropical American species 
Bruchophagus orchideatum has been found feeding in 
the buds and pseudobulbs of various species of Cattleya 
(Orchidaceae), and it can be a damaging pest of culti- 
vated orchids (Swezey, 1945). 

On the other hand, some phytophagous euryto- 
mids have been used in biological control of weeds. 
For example, Eurytoma attiva, whose larvae feed on 
seeds, was introduced from Trinidad to Mauritius as 
a biological control agent of black sage, Cordia 
macrostachya (Burks, 1958; Williams, 1960). A few 
carnivorous species of eurytomids have also been 
used in biological control programmes, but with few 
notable successes. One example is the attempt to 
use Eurytoma latrodecti against egg sacs of the 
black widow spider, Latrodectus mactans (McMurty, 
1978). 


Identification. Keys to the world genera of 
Eurytomidae are given by Burks (1971), but subse- 
quently, several new genera have been described 
(Subba Rao, 1978; Bouček, 1988). Certain problems 
in Burks’ keys, notably with respect to the genus 
Bruchophagus, have been discussed by Boucek (1988). 
Several neotropical genera have not been critically re- 
examined since they were originally described, and 
thus generic concepts will probably change with 
further study. 

In the following key a few genera that do not seem 
to be very distinct have not been separated (couplet 
8). It should be noted that in Burks' key Bephrata is 
included with the genera having a non-carinate gena, 
but I have found the gena to be more or less carinate. 
The character used in couplet 14 is not a convincing 
one for separating genera, but is repeated here from 
Burks’ key pending further study. The majority of 
specimens encountered almost anywhere in the world 
will key out to Eurytoma. 


Preliminary key to genera of Eurytomidae 
present in Costa Rica 


1 Scutellum prolonged posteriorly into a blunt 


spine-like process; tergites II and III fused and 
covering most of metasoma (Fig. 11.123). 
[Antenna 13- semen eren eere 
Ad INE (Heimbrinae) .................. Heimbra 
Scutellum not posteriorly prolonged; tergites II 
and III not fused and covering most of meta- 
SOMM TO 2 


Antenna with 13 segments, including two or 
three anelli, never sexually dimorphic; prepec- 
tus small (Fig. 11.124). ..... (Rileyinae) ......... 3 

Antenna with 9-11 segments, including one 
anellus, often sexually dimorphic; prepectus 
normal (Fig. 11.125). ...(Eurytominae) ........ 5 


Antenna with two anelli and six funicular seg- 
ments; face narrow, scarcely broader than 
length of scape, and with a median, longitudi- 
Nal ee ANI AvOMPLO WEL ACC eene Neorileya 

Antenna with three anelli and five funicular seg- 
ments; face broader than length of scape, and 
without median, longitudinal carina............. 4 


Fore wing with stigmal vein apically enlarged 
and rounded, in form of knob. ......... Calorileya 
Stigmal vein normal, not enlarged. ........... Rileya 


Fore wing with marginal vein short and broad 
(Fig. 11.126), usually with a dark spot below. 


0etosovessasestttqeepeoccesaeceovteqooevoeecescsepopeteeopovssbsosepteseooon 


Fore wing not unusually stigmated. ................. 7 


Vertex and anterior third of pronotum flattened 
and on the same plane, this plane lying at 
nearly a right angle to the mesoscutum 
(Fig. 11.126); posterior end of metasoma 
flattened and with a dorsal concavity contain- 
ing a short projection. ................-.- Bruchodape 

Vertex and posterior metasoma normal. ............... 
a E oGOO CRGO nO ERG Sycophila 

Head with gena posteriorly rounded, or only 
vaguely carinate (Fig. 11.127). seere 8 


10 


lat 


1% 


13, 


14 


15 


Head with gena posteriorly strongly carinate 
A irene setts oa asea a 9 


Metasoma elongate, in lateral view usually over 
twice as long as high. ... Isosomodes, Tetramesa 
Metasoma circular to oval in lateral view, less 
thamtwice as ona o S 
NOU eene Bruchophagus, Systole 


Body with vivid metallic coloration. ..... Chryseida 
Body without metallic coloration. .................. 10 


Head almost twice as wide as long (dorsally), 
usually wider than high (Fig. 11.129), much 
MINO eo iil 

Head semi-quadrate (Fig. 11.130). ................ 1? 


Fore wing with marginal vein nearly 4.0 times 
as long as stigmal vein; scutellum rounded; 
petiole nearly as long as hind femur...... Axima 

Fore wing with marginal vein 2.0 times as long 
as stigmal vein; scutellum with apical cone- 
shaped projection (Fig. 11.131); petiole half as 
¡ra testes Conoaxima 


Metasoma elongate, in lateral view usually over 
twice as long as high. .. Aximogastra, Bephrata 
Metasoma circular to oval in lateral view, less 
than twiceaslong astnishi. ee 13 


Propodeum posteriorly with a distinct ‘neck’ 
which extends beyond bases of coxae. 

[Apical part of submarginal vein thickened. ] 

kee ae Nae tek ore E Sooner ean Aranedra 


Anterior ocellus located in scrobe cavity 
Eig T1300 A Dura ede 15 
Anterior ocellus located above scrobe cavity.... 16 


Occiput (back of head) deeply concave; pronotum 
elongate and constricted posteriorly. ................ 
OOOO eee Bephratoides 

Occiput not deeply concave; pronotum more 
transverse, not sharply constricted posteriorly. 
a Cea EEE Prodecatoma 


PRONOTUM PRONOTUM 


124 125 


PREPECTUS PREPECTUS 


127 


130 131 


Figs 11.123-11.131. Eurytomidae. Fig. 11.123. Heimbra sp. (Heimbrinae), head and body, lateral view. Figs 11.124-11.125. 
Lateral view of front part of mesosoma; 11.124, Neorileya sp. (Rileyinae); 11.125, Sycophila sp. (Eurytominae). Fig. 11.126. 
Bruchodape sp., whole insect, lateral view. Figs 11.127-11.128. Head, posterior view; 11.127, Bruchophagus sp.; 11.128, 
Eurytoma sp. Figs 11.129-11.130. Head, anterior view; 11.129, Axima; sp. 11.130, Bephratoides sp. Fig. 11.131. Scutellum of 
Conaxima sp., lateral view. 


16 Antenna with six long funicular segments, club 
solid or 2-segmented and no wider than 
inpol --—— —— Bephratelloides 

— Antenna with five funicular segments and with 
3-segmented club always differentiated from 
Ipsis. e coc MM Eurytoma 


Synopsis of the Costa Rican fauna 


All three subfamilies of Eurytomidae are present in 
Costa Rica, and are represented by a total of 20 
genera and perhaps between 100 and 200 species. 


HEIMBRINAEC® 

This subfamily consists of two genera—the monotypic 
Symbra from Argentina and Heimbra from North and 
South America (Stage & Snelling. 1986). 


Heimbra“, Six species, four neotropical, one in 
Western North America and H. bicolor from Mexico 
to Brazil. This species was recently collected on 
extrafloral nectaries in Atlantic forest in Costa Rica. 
Biology: unknown. 


RILEYINAE 


This subfamily is cosmopolitan in distribution but the 
majority of the species occur in the Neotropics. 


Calorileya“*, Neotropics; two described species. C. 
megastigma is known from the Caribbean and 
Mexico (Subba Rao, 1978), and appears to be the 
species that is present in Costa Rica. Biology: 
unknown, but I have reared a species from leaf galls 
(gall-former unknown) on Pithecellobium longifolium 
(Leguminosae). 


Neorileya. Neotropics; four described species. Biology: 
endoparasitoids in eggs of Hemiptera, especially 
Pentatomidae, but also Coreidae and Reduviidae. 


Rileya. Primarily New World, with about 25 
described species from the Neotropics, but with one 
species known from central Asia and another from 
Australia (Boucek, 1988). Keys to species are given 
in Gahan (1918) and Subba Rao (1978). Biology: 
in Costa Rica I have reared Rileya from leaf galls 
formed by Cecidomyiidae on a shrubby species of 


Euryt 


Cordia (Boraginaceae) at high altitudes (2000 m) 
and from cecidomyiid leaf galls on at least two dif- 
ferent species of Piper (Piperaceae). In Honduras a 
species has been reared from Asphondylia websteri 
(Cecidomyiidae) on beans (specimens in Escuela 
Agricola Panamericana). 


EURYTOMINAE 


This cosmopolitan subfamily is by far the largest in 
the family. 


Aranedra. Only two species are known, both of 
which were described from Costa Rica. Biology: 
reared from root galls on Araceae—A. millsi from 
Philodendron and Dieffenbachia, and A. arae from 
Philodendron (Burks, 1971). I have collected speci- 
mens from sea-level to 1000 metres, and have 
reared one specimen from a stem gall on Piper (pre- 
sumably caused by Cecidomyiidae), 


Axima. New World. Four described species. Biology: 
the North American species is a parasitoid of bees of 
the genus Ceratina (Burks, 1966). 


AximogastraC*. The type-species was described 
from Brazil and subsequently another species was 
described from the Caribbean (De Santis, 1979). 
The genus seems doubtfully distinct from Bephrata. 
Several undescribed species from Costa Rica (0- 
1200 m) seem to belong here. Biology: The type- 
species was 'reared from orchids' in Brazil, and in 
Costa Rica one species has been reared from eggs of 
Tettigoniidae in twigs of citrus. 


Bephrata. Known only from the type species, B. 
ruficollis, which was described from Panama; it is 
present in Costa Rica, where it is quite common 
below 800 metres. Biology unknown. 


Bephratelloides. Neotropics; four recognized 
species, three of which occur in southern Central 
America. A key to species is given by Grissell and 
Schauff (1990). Biology: all are phytophagous in 
seeds of Annona. 


Bephratoides“*. Known from the New World and 
Asia. B. maculatus is reported from Mexico (Burks in 
Krombein et al., 1979) and Brazil (Subba Rao, 
1978). A key to the five described New World 
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species is given by Subba Rao (1978), although the 
specific name of one has recently been changed 
(Grissell & Schauff, 1990). Biology: species are para- 
sitoids of wood-boring beetles (Buprestidae). 


Bruchodape“**. Known only from the type species, 
B. ignota, which was described from Brazil (Burks, 
1971). One species (possibly the same) occurs in 
Costa Rica, in lowland wet forest. Biology: Burks 
suggested that the morphology indicated an associ- 
ation with Bruchidae, but evidence based on 
rearing is apparently absent. 


Bruchophagus. Cosmopolitan; undetermined 
number of species (because the limits of the genus 
are still in process of being defined; Boucek, 1988). 
Biology: species are phytophagous, especially in 
seeds of Leguminosae (Strong, 1962; Carrillo & 
Dickason, 1963; Batiste, 1967) but some Australian 
species are gall-formers on citrus (Noble, 1936—as 
Eurytoma). 


Chryseida. Neotropics, with three species known 
from Costa Rica. A key to species was provided by 
Burks (1956) and a new species from Costa Rica 
was subsequently described by Zerova (1981). 
Biology: parasitoids of Bruchidae. 


Conoaxima. South America to Costa Rica (and pos- 
sibly into southern Mexico); two described species. 
Biology: ectoparasitoids of adult queen Azteca ants 
in stems of Cecropia (Brues, 1922; Wheeler, 1942) 
and Cordia (J. Longino, pers. comm.). 


Eurytoma. Cosmopolitan; the largest genus of 
Eurytomidae, with numerous undescribed species. 
Species-groups are discussed in Boucek (1988). 
Biology: extremely varied, including both phy- 
tophages and carnivores. 


Isosomodes**. New World; three described species, 
two from Amazonian Brazil, and a third, I. gigantea, 
extending from the eastern United States into the 
Caribbean. Biology unknown. 


Prodecatoma. Some species are recorded from Asia 
and Africa, but the genus (if at all valid) is probably 
confined to the New World. The relationship of this 
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genus with respect to Eurytoma requires further 
study. Biology: species have been reared from seeds 
and plant galls. I have seen neotropical species 
reared from fruits or seeds of Araceae (Anthurium), 
Myrtaceae (Eugenia, Psidium) and  Rubiaceae 
(Cephaelis, Palicourea, Psychotria, Randia), and it is 
likely that many of these are phytophagous. On the 
other hand, a Costa Rican species occurring in seed 
galls of Pithecellobium macradenia (Leguminosae) 
caused by Allorhogas (Braconidae) is probably para- 
sitic and/or an inquiline. 


Sycophila. Cosmopolitan. Biology: parasitoids/ 
inquilines in galls, including galled fig ovaries. In 
Costa Rica I have reared Sycophila from figs, seeds of 
Conostegia xalapensis (Melastomataceae), a stem gall 
on Psidium sp. (Myrtaceae), and from seed galls on 
Pithecellobium macradenia caused by Allorhogas 
(Braconidae). I have reared several specimens from 
figs in Costa Rica which will key to the Old World 
genus, Syceurytoma, but Z. Boucek (pers. comm.) 
suggests these are probably better placed in 
Sycophila, at least for now. 


Systole. Holarctic and drier parts of the tropics; 
about 15 species (Boucek, 1988). Biology: species 
are phytophagous in seeds of Umbelliferae. 


Tetramesa. Cosmopolitan, with the majority of 
species known from North Temperate regions. Keys 
to the North American species are given in Phillips 
and Emery (1919) and Phillips (1936). Biology: 
species are gall-formers in stems and seeds of 
grasses (Phillips, 1920, 1936; Claridge, 1961). 


11.10 LEUGOSPLIDAES si 
Paul E. Hanson 


Diagnosis. Among the largest Chalcidoidea, body 
length usually 8.0 to 12.0 mm; colour varying from 
black to black with yellow markings to orange-yellow. 
Antenna 13-segmented, first flagellar segment large (i.e. 
without anellus); antennal scrobe deep, carinate later- 
ally; posterior edge of gena rounded (rather than cari- 
nate as in Chalcididae). Notauli reduced, tegula 
elongate. Fore wing usually folded lengthwise (as in 
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Fig. 11.132. Leucospis sp. (Leucospidae). 


vespids), densely setose, with postmarginal vein many 
times longer than stigmal vein, which in turn is 
slightly longer than the marginal vein. Hind femur 
enlarged and toothed; hind tibia strongly curved (as in 
Chalcididae); tarsi 5-segmented. Metasoma of male 
with second tergite shorter than first, remaining ter- 
gites more or less fused into a carapace; females of the 
most common genus have the ovipositor curved 
upward and forward along the dorsal surface of the 
metasoma, where it often rests in a groove on the first 
tergite. 


Classification and distribution. The Leucospidae, 
which is generally considered to be closely related to 
Chalcididae, is cosmopolitan in distribution but most 
species occur in warmer climates. The family com- 
prises about 130 to 140 known species in four genera. 
Two genera are restricted to Africa, Polistomorpha is 
restricted to the Neotropics, while Leucospis is cos- 
mopolitan (Bouček, 19742). 


Biology. Leucospids are ectoparasitoids (presum- 
ably idiobionts) of larvae or pupae of aculeate 
Hymenoptera—mostly solitary bees but also 
Sphecidae and eumenine Vespidae. However, host 
associations have been recorded for only about a 
quarter of the species worldwide. The only host 
records for species occurring in Central America are 
for Leucospis affinis, from megachiline bees (Boucek, 
1974a), L. klugii, from Xylocopa gualanensis (Apidae: 
Anthophorinae) (Daly, 1976; Hurd, 1978a), and 
Polistomorpha fasciata, from the orchid bee, Euglossa 
ignita (Boucek, 1974a). 

Oviposition occurs through the wall of the host 
nest and involves a rather elaborate process whereby 
the first and second metasomal tergites become widely 
separated dorsally. The internal part of the ovipositor 
is coiled back into the intersegmental membrane while 
the metasoma is bent downward behind the first 
tergite, thus bringing the distal part of the ovipositor 
into a perpendicular position (Clausen, 1940b). If the 


wall of the nest is very hard, drilling may require as 
much as three hours. Not until the host cavity has 
been penetrated, can the leucospid detect whether a 
suitable larva is present. 

The egg is attached to the cell wall of the host 
cell, or to the host cocoon if one is present. Upon 
hatching the first instar larva does not begin feeding 
immediately, but rather searches out and destroys 
any competitors that may be present in the, same 
cell. There are apparently three larval instars, and 
the last instar larva does not move about as much as 
the first. Developmental time from oviposition to 
emergence of the adult wasp varies from three to 
five weeks under optimal conditions (Clausen, 
1940b). 

Adult Polistomorpha species have an elongate face, 
with a well-developed, protractile glossa, which pre- 
sumably allows them to take nectar from a greater 
range of flowers than is possible in most other 
Chalcidoidea. Adult leucospids are also noteworthy for 
their colour patterns, which appear to mimic polistine 
Vespidae. In Costa Rica Leucospis egaia and L. latifrons 
are black with yellow markings and resemble Polybia 
occidentalis, L. klugii has a dark body and reddish 
yellow wings with black apices similar to Polybia 
rejecta, L. leucoteles has a dark body and black wings 
with white apices similar to Parachartergus apicalis and 
P. fraternus, and Polistomorpha fasciata is orange- 
yellow and resembles Agelaia myrmecophila. In species 
with a wide geographic distribution mimicry can 
involve different models in different areas, resulting in 
considerable intraspecific variation in colour (Boucek, 
1974a). 


Identification. Keys to the world genera and 
species of Leucospidae are given in Boucek (1974a). 


Key to New World genera of Leucospidae 


— Maxillary palp 4-segmented, labial palp 3-seg- 
mented; apex of hind tibia often produced into 
a spine; ovipositor curved up and over the 
CASA We es Leucospis 
— Maxillary and labial palpi very reduced; apex of 
hind tibia perpendicular to longitudinal axis of 
tibia; ovipositor normal (confined to ventral 
surface of metasoma) ................ Polistomorpha 


Synopsis of the Costa Rican fauna 


species of 
Leucospidae have been reported from Central 
America (Boucek, 1974a). In Costa Rica the family 
appears to be restricted to lower altitudes, and 
despite intensive collecting none have been found 
above 1500 metres. 


Two genera and about a dozen 


Leucospis. There are over 100 species of Leucospis 
"world-wide, at least 40 of which are restricted to 
the New World, and nine of these occur in Central 
America. The species known to occur in Costa Rica 
are L. cayenensis, L. egaia, L. ignota, L. klugii, L. lat- 
ifrons and L. leucotellus. L. affinis is recorded from El 
Salvador and L. rileyi occurs in Honduras and El 
Salvador. 


Polistomorpha. Of the seven recognized species of 
this neotropical genus, two or possibly three occur 
in Central America. Only P. fasciata is known from 
Costa Rica, but P. atrata is recorded from Panama. 


11.11 MYMARIDAE pn 
John T. Huber 


Diagnosis. Mostly delicate, slender-bodied chalci- 
doids, 0.2 to 2.5 mm in length (average 0.5 to 1.0 
mm); without metallic coloration; usually fully 
winged, but sometimes brachypterous or apterous. 
Antennae usually as long as body or longer, 8- to 13-seg- 
mented, that of female with distinct club (solid or 3- 
segmented), that of male filiform, attached closer to 
vertex than mouth margin or about midway between 
mouth margin and vertex, toruli almost always closer to 
eyes than to each other. Head with dark bars of cuticle 
(trabeculae) and associated sutures on the vertex and 
frons arranged in an H-like pattern. Scutellum divided 
into distinct anterior and posterior portions, marked 
by difference in sculpture. Fore wing with marginal 
vein usually short (rarely extending more than half 
way along wing), with stigmal vein very short, with 
postmarginal vein absent, usually with a distinct 
backwards projecting seta (hypochaeta) on the ventral 
surface of the wing blade under the marginal vein; 
hind wing almost always petiolate (stalked), wing mem- 
brane not extending to base of wing. Tarsi 4- or 5- 


Fig. 11.133. Mymaridae. 


segmented. Metasoma petiolate to sessile; ovipositor 
hidden to strongly exserted. 


Classification and distribution. The family 
Mymaridae is cosmopolitan and contains about 1400 
described species placed in almost 100 genera. The 
greatest diversity of genera occurs in Australia, New 
Zealand and South America, and the greatest number 
of species is probably in humid tropical forests. It is 
likely that most of the 54 genera described from the 
Western Hemisphere will eventually be found in Central 
America—at least 34 genera are known to be present. 

The Mymaridae appears to be a monophyletic group 
based on three synapomorphies (Gibson, 1986a): 


e fore wing with hypochaeta; 

e head with frontal, median and supraorbital 
sutures and trabeculae; 

e toruli distinctly closer to inner margin of eye than 
to each other. 


In the same study, Gibson presented evidence for the 
monophyly of the Mymaridae + other Chalcidoidea 
(see introduction to Chapter 11). The family has 
been divided in different ways by different authors. 
Debauche (1948) used the number of tarsal seg- 
ments to recognize Gonatocerinae (tarsi 5-seg- 
mented) and Mymarinae (tarsi 4-segmented), 
whereas Annecke and Doutt (1961) considered the 
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structure of the metasoma to be more important and 
recognized Mymarinae (metasoma petiolate) and 
Alaptinae (metasoma sessile). In a phylogenetic 
analysis of the holarctic genera Schauff (1984) found 
greater support for the classification of Debauche, 
although the subfamily Gonatocerinae is para- 
phyletic. Previous classifications, however, need to be 
critically reviewed in the light of recent work (Noyes 
& Valentine, 1989) on the fauna from the Australian 
region, which appears to be the centre of diversity 
for the family. 


Biology. The family Mymaridae contains among the 
smallest of all insects, some species of Alaptus being 
less than 0.2 mm long, which is smaller than some 
protozoans. Although they are abundant, the small 
size of most mymarids makes it difficult to study them 
alive. As a result there is a tremendous amount of 
new information to be discovered about any aspect of 
their biology. For example, there are few or no reli- 
able host records for even some of the common genera 
such as Camptoptera. Life histories are almost com- 
pletely unknown except for a few species of import- 
ance in biological control. 

All species are presumed to be endoparasitic idio- 
bionts of insect eggs, especially those laid in con- 
cealed situations such as within plant tissue or in soil 
(Huber, 1986). Species of the holarctic genus 
Caraphractus are known to live in ponds, where the 
adults use their wings as paddles to swim under 
water when searching for eggs of water beetles 
(Dytiscidae). Species of Mymaridae may be solitary or 
gregarious. Caraphractus cinctus, for example, lays 
two to three eggs per host with a single insertion of 
the ovipositor (Jackson, 1958), whereas almost 200 
individuals of Litus cynipseus have been reared from a 
single egg of Staphylinidae (Viggiani, 1973). From 
the relatively few reliable host records available it 
appears that mymarids are not species specific but at 
most host genus specific, although some species are 
known to parasitize hosts in several families of a par- 
ticular order. This lack of specificity can sometimes 
cause host induced morphological variation which 
may complicate species definition (Huber & 
Rajakulendran, 1988). In the case of Alaptus, species 
may be habitat specific, for example eggs on bark 
versus eggs on leaves (New, 1969). Microhabitat 
specificity probably occurs in other mymarid genera 
as well. 


Host records exist for members of about one 
quarter of the world genera. About three quarters of 
the records are for the four largest and economically 
most important genera: Polynema, Gonatocerus, 
Anaphes and Anagrus. Almost half of the host records 
are auchenorrhynchous Homoptera. Hemiptera and 
Coleoptera are the next most important hosts. Other 
than Coleoptera, few holometabolous insects are para- 
sitized. Some of the more frequently recorded hosts for 
genera occurring in Central America are given in 
Table 11.13. Huber (1986) gives exhaustive host lists, 
but cautions against the uncritical acceptance of old 
records. 

Oviposition normally takes place before the host 
egg has undergone much development, and after 
oviposition further development of the host usually 
ceases. However, Caraphractus cinctus prefers newly 
laid eggs, but it is capable of developing in more 
advanced host embryos, in which case the female 
oviposits into the mid-gut of the embryo (Jackson, 
1958). Another species capable of attacking well- 


Host group Mymarid parasitoid 

ODONATA 
Coenagrionidae 

ORTHOPTERA 
Acrididae 
Gryllidae 


Anagrus 


Cleruchus 
Acmopolynema 


PSOCOPTERA 


various families Alaptus 


HEMIPTERA 


Miridae 
Nabidae 


Tingidae 
HOMOPTERA 
Cercopidae 
Delphacidae 
Cicadellidae 


Membracidae 


COLEOPTERA 
Buprestidae 
Chrysomelidae 
Curculionidae 
Staphylinidae 


Table 11.13. 


Anagrus, Erythmelus, Polynema 
Polynema 
Erythmelus 


Acmopolynema, ?Ooctonus 

Anagrus, Mymar 

?Arescon, Anagrus, Erythmelus, 
Gonatocerus, ?Ooctonus, Polynema, 
?Schizophragma, Stethynium 

?Arescon, Gonatocerus, Polynema, 
Schizophragma 


Campoptera 
Anaphes 

Anaphes, Cleruchus 
Litus 


Probable hosts of mymarid genera 


present in Central America. 


developed embryos is Polynema striaticorne, which is 
reported to produce three successive generations in a 
single brood of its membracid host (Balduf, 1928) and 
has been successfully introduced from North America 
into Europe where it controls its host, Stictocephala 
bisonia (Alma et al., 1988). 

The number of larval instars is often difficult to 
ascertain, but from two to four have been recorded 
(Balduf, 1928; Bakkendorf, 1934; Jackson, 1961; 
Sahad, 1982). The few species whose immature stages 
have been observed within their host egg have pecu- 
liar, mymariform first instar larvae. These larvae have 
the head drawn out into a conical process; the thorax 
+ abdomen is six to eight segmented, bearing trans- 
verse rings of hairs and terminating in a long, curved 
process at the posterior end (see Chapter 4.4). The fol- 
lowing instars are sac-like, without segments or 
appendages, but with large protruding mandibles 
(Clausen, 1940b). In a few cases (e.g. Anagrus spp.) 
the first instar is sac-like whereas the second instar 
(known as a histriobdellid) is cylindrical and divided 
into six segments, the first and last segments being the 
largest, and often bearing paired fleshy processes 
(Sahad, 1984). There does not appear to be a func- 
tional tracheal system or spiracles in any larval instar. 

First instar larvae sometimes lack mandibles and 
appear to be incapable of attacking one another, even 
when there are more larvae present than can survive 
in one host egg (Jackson, 1958). In Anagrus the sac- 
like first instar remains relatively inactive within the 
host egg, whereas the mymariform first instar larva of 
other mymarids is quite active, using its spines and 
long tail to move about within the egg (Clausen, 
1940b). In most mymarids later instars show gyrating 
lateral motion (e.g. Balduf, 1928), which is thought to 
prevent the heavier semi-solid contents of the host egg 
from settling to the bottom (Clausen, 1940b), though 


Pest species Mymarid - 
Antianthe expansa (Membracidae) 


Empoasca kraemeri (Cicadellidae) Anagrus empoascae 


Anagrus yawi 
Anagrus sp. 


Pycnoderes incurvus (Miridae) 
Sogatodes oryzicola (Delphacidae) 


dde v ————— 


Schizophragma latipennis 


this requires confirmation. Pupation occurs within the 
host egg. 

Adult mymarids are usually short-lived, pro- 
ovigenic, and have a relatively low reproductive 
capacity, total egg production probably being less than 
one hundred (Clausen, 1940b). Adult females appar- 
ently do not host-feed. 


Economic importance. About ten species of 
mymarids, all but one in Anaphes or Anagrus, have 
been used in classical biological control attempts 
against insect pests such .as' Curculionidae, 
Chrysomelidae, Cicadellidae and Delphacidae (Huber, 
1986). The best known and most successful example 
is that of Anaphes nitens against the eucalyptus snout 
beetle, Gonipterus scutellatus in southern Africa 
(DeBach, 1974). Other native Australian species of 
Anaphes are also being considered for release in south- 
ern Africa against Gonipterus (Huber & Prinsloo, 
1990). Anagrus osborni was introduced from the 
Philippines to Hawaii to control the corn planthopper 
(Peregrinus maidis, Delphacidae), but information is 
lacking regarding the results. Anagrus frequens, which 
had been introduced for control of the sugarcane 
leafhopper (Perkinsiella saccharicida, Delphacidae), 
readily attacked P. maidis (Clausen, 1978). Because 
P. maidis is a pest in Central America these mymarids 
are potential candidates for importation. 

In addition to classical biological control, probably 
much potential exists for using mymarids in inunda- 
tive release programmes (e.g. Jones & Jackson, 1990) 
and in manipulating endemic species (see Chapter 
3.2). For example, in Brazil Acmopolynema hervali has 
been used against cercopid pests of sugarcane and 
pasture grasses (Guagliumi, 1971). Endemic 
mymarids that attack pest species in the northern 
Neotropics are listed in Table 11.14. 
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Table 11.14. Pest species present in the northern Neotropics and the endemic mymarids known to attack 


them. 


diio cmm omi 


Identification. Keys to genera are given by 
Annecke and Doutt (1961) for the world (very out- 
dated), Yoshimoto (1990) for the Western 
Hemisphere, and Schauff (1984) for the Holarctic 
Region. No generic keys exist for any specific country 
in the Neotropical Region except for Cuba (Alayo & 
Hernandez, 1978). De Santis (1979, 1981, 1989) 
catalogued the chalcidoids of America south of 
Mexico, including the Mymaridae. Huber (1986) 
reviewed the higher classification within the family, 
tabulated the genera with numbers of known species 
by region, listed published host records and 
use in biological control and. provided a 
bibliography of much of the biological literature for 
the family. 


Synopsis of the Costa Rican fauna 


Mymarids are found in all terrestrial habitats and in 
Costa Rica they occur at all altitudes, although they 
appear to be most diverse in lowland and mid altitude 
rainforests. Although no aquatic mymarids have been 
found yet in Central America, it is possible that they 
occur here since at least one species of Anagrus is 
known to attack eggs of damselflies (Odonata: 
Zygoptera). 

Following are the 34 genera of Mymaridae known 
or presumed to occur in southern Central America. 
Knowledge of the numbers of species within each 
genus, both at the world level and for Central 
America, is still very incomplete, although the largest 
genera, Anaphes, Gonatocerus and Polynema, each com- 
prise over 200 nominal species world-wide. It is 
difficult to estimate the number of mymarid species 
present in Costa Rica, but a rough approximation is 
250 species (mostly undescribed). 


GONATOCERINAE 


This subfamily includes eight genera that are known 
to occur in Costa Rica. It is a paraphyletic group that 
is characterized by the possession of 5-segmented tarsi. 


Alaptus. Cosmopolitan; about 50 described 
species. Biology: parasitoids in eggs of Psocoptera. 
Older records of species of this genus 
attacking coccoids are probably incorrect (Huber, 
1986). 


Arescon©®, Cosmopolitan (except North America); 
about 20 described species. Biology: isolated records 
from eggs of Cicadellidae and Membracidae (Huber, 
1986). 


Camptoptera. Cosmopolitan; about 60 described 
species. Biology: parasitoids in eggs of Buprestidae 
(Schauff, 1984). Species have also been recorded 
from eggs of Thysanoptera, Homoptera and 
Lepidoptera (Noyes & Valentine, 1989), but many 
of these records need critical confirmation. 


Dicopus®®, Cosmopolitan; about ten described 
species. Biology: hosts unknown for certain, 
although there are old records of a species parasitiz- 
ing Diaspididae (see Huber, 1986). 


Gonatocerus. Cosmopolitan; about 250 described 
species. Some of the most commonly collected 
mymarids in the Western Hemisphere. Many are 
quite large (average about 1.0 to 1.5 mm in length). 
Biology: most probably parasitize eggs of Cicadellidae, 
but members of one species-group apparently attack 
eggs of Membracidae (Huber, 1988). 


Hadromymar. Costa Rica south to Ecuador. 
Biology unknown. 


Litus“®, Cosmopolitan; about 15 described species. 
Biology: parasitoids in eggs of Staphylinidae. 


Myrmecomymar“*, Canada south to Argentina. 
Females are apterous. Biology unknown. 


MYMARINAE 


This subfamily includes 26 genera that are known or 
thought very likely to occur in Costa Rica. Species of 
the Mymarinae are characterized by possession of 4- 
segmented tarsi. 


Acmopolynema. Cosmopolitan; about 20 described 
species. Schauff (1981) reviewed the nearctic 
species and Fidalgo (1989) revised the neotropical 
species. Biology: parasitoids in eggs of Gryllidae and 
Cercopidae. 


Anagroidea“*, Cosmopolitan; very few described 
species. Biology unknown. 


Anagrus. Cosmopolitan; about 80 described 
species. Biology: parasitoids in eggs of Delphacidae, 
Cicadellidae, Miridae and, less commonly, Odonata. 


Anaphes^"*. Cosmopolitan; over 200 described 
species. Huber (1992) reviewed the genus. Biology: 
parasitoids in eggs of  Curculionidae and 
Chrysomelidae. 


Australomymar**. Primarily Southern Hemisphere, 
especially Australia and South America, but also 
southeast Asia (Noyes & Valentine, 1989). In the 
New World this genus extends from Chile north to 
Costa Rica. Biology unknown. 


Bruchomymar^*. Central America south to 
Argentina. Biology unknown. 


Caenomymar. Costa Rica south to Ecuador. 
Biology unknown. 


Cleruchus**. Cosmopolitan; about 14 described 
species. Biology: one species has been reared from 
the eggs of Acrididae, and one from Curculionidae 
(Schauff, 1987). In New Zealand species of this 
genus seem to be associated with leaf litter and 
bracket fungi (Noyes and Valentine, 1989). 


Cnecomymar“*. New World. About six species 
have been described from the Neotropical Region. 
Biology unknown. 


Entrichopteris. Costa Rica to Venezuela. Biology 
unknown. 


Erdosiella®*. Panama south to Argentina. Biology 
unknown. 


Erythmelus. Cosmopolitan; about 50 described 
species. Biology: parasitoids in eggs of Tingidae, 
Miridae and Cicadellidae. 


Krokella. Florida south to Brazil. Two described 
species, both of which occur in Costa Rica (Huber, 
1993). Biology unknown. 


Mymar**, Cosmopolitan; six described species. 
Biology: parasitoids in eggs of Delphacidae. 
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Neomymar. Canada south to Argentina. Biology 
unknown. 


Omyomymar**, Cosmopolitan (except for Europe 
and Australia); four described species (Schauff, 
1983). Biology unknown. 


Ooctonus"*. Primarily North Temperate zone; about 
60 described species. One species extends south to 
Costa Rica. Biology: confirmation is required, but 
there are records from the eggs of cercopids and 
cicadellids. 


Platyfrons^". Costa Rica south to Brazil In 
Colombia it is only known from sites above 2000 
metres. Biology: unknown. 


Polynema. Cosmopolitan; over 250 described 
species. Biology: mostly parasitoids in eggs of 
Cicadellidae, Membracidae and Miridae. 


Ptilomymar**. Cosmopolitan; about four described 
species. Biology unknown. 


Restisoma. Costa Rica to Colombia. Biology 
unknown. 


Schizophragma. New World, mostly in tropical lat- 
itudes; seven described species (Huber, 1987). 
Biology: parasitoids in eggs of Membracidae and 
possibly Cicadellidae. 


Stephanodes^*. Cosmopolitan; seven described 
species. Biology: unknown. 


Stethynium*, Primarily Australia, but a few 
species occur in other parts of the world. This is the 
first record of the genus from tropical America. 
Huber (1987) revised some of the non-Australian 
species. Biology: parasitoids in eggs of Cicadellidae. 


Tanyostethium**. Panama south to Brazil. Biology 
unknown. 


Tetrapolynema®®, Mexico south to Colombia. 
Biology unknown. 
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Fig. 11.134. Ormyrus venustus (Ormyridae). 


11.12 ORMYRIDAE 
Paul E. Hanson 


Diagnosis. Body length 1.0 to 7.0 mm; mostly 
metallic blue or green. Antenna 13-segmented, ratio 
of anelli to funicular segments varying from 1:7, 2:6 
(most common), or 3:5 (Old World only); back of head 
with occipital carina. Mesosoma and propodeum 
weakly sculptured. Fore wing with stigmal and post- 
marginal veins very short. Hind coxa greatly enlarged, 
subtriangular in cross section; hind tibia with two stout, 
curved spurs at apex, longest spur greater than half the 
length of first tarsal segment; tarsi 5-segmented. 
Metasoma very sclerotized and heavily sculptured, with 
transverse rows of large foveae (pits) on the basal parts of 


the middle tergites, the foveate basal part often sepa- 
rated from apical part of tergite by a crenulate border. 


Classification and distribution. The Ormyridae 
share some characteristics (e.g. occipital carina, wing 
venation, enlarged hind coxa) with the Torymidae, but 
others (e.g. large hind tibial spurs) with an unplaced 
genus of Pteromalidae from South America. As a result 
the Ormyridae has been placed in each of these fami- 
lies in the past, but until its true relationships are 
better understood it seems best to maintain it as a sep- 
arate family. As such the family Ormyridae comprises 
only two genera: the monotypic Ormyrulus from India 
(Boucek, 1986) and the cosmopolitan Ormyrus. 
However, there appear to be several undescribed 
genera present in southeast Asia. The genus Ormyrus 


comprises about 60 described species worldwide; 16 
species are known from North America (Hanson, 
1992), two of which extend south to Costa Rica. 


Biology. Species of Ormyridae are parasitoids, pre- 


sumably ectoparasitic idiobionts, of insects occurring 
in plant galls. Although some Old World species are 
associated with galls formed by Diptera, New World 
species appear to be restricted to galls formed by 
Hymenoptera, mostly those of Cynipidae, but also 
Pteromalidae (Hanson, 1992). In Costa Rica 
Ormyridae are known only from cynipid galls on oaks 
(Fagaceae: Quercus). In the Palaeotropics ormyrids 
parasitize Chalcidoidea occurring in figs (Boucek et al., 
1981), but thus far the family has not been found in 
figs of the Neotropics. Within a plant gall the ormyrid 
larva appears to feed either as a primary parasitoid or 
as a facultative hyperparasitoid. 


Identification. The recent revision of the nearctic 
species of Ormyrus (Hanson, 1992) includes the two 
species known from Costa Rica, O. unifasciatipennis 
and O. venustus. The former usually has a black spot 
on the fore wing below the stigmal vein (though this 
may sometimes be very weakly pigmented), whereas 
the latter species entirely lacks this black spot. 


Synopsis of the Costa Rican fauna 


Two species of Ormyrus have been collected in 
Costa Rica (see above), only at higher altitudes (above 
1500 m) where oaks are present. 


PIDAE 
D. Christopher Darling 


Diagnosis. 1.0 to 12.0 mm in length, metallic to 
black coloured. Antenna with 13 segments, including a 
single anellus; antenna sexually dimorphic, with the 
scape of the male either expanded and/or with punc- 
tures or pores on the anterior surface. Clypeus differen- 
tiated from face by sutures, anterior margin entire, 
without teeth or tubercles; mandibles robust, with two 
or three large teeth. Mesosoma compact, usually short and 


high in lateral view, with pronotum visible in dorsal view, 
not reduced dnd ventral to mesoscutum (cf. Eucharitidae); 
notauli complete. Tarsi 5-segmented. Metasoma usually 
high and triangular in profile, with tergites II and UI 
similar in size and fused dorsad and enclosing following seg- 
ments, tergite II with large laterotergites. 


Classification and distribution. The Perilampidae 
is a small family comprising, worldwide, about 


- 200 species in 12 genera and two subfamilies: 


Chrysolampinae and Perilampinae (Bouček, 1988). 
Both subfamilies have at times been placed in -the 
Pteromalidae (e.g. Burks in Krombein et al., 1979). 
There is considerable confusion over the limits of the 
family Perilampidae and the relationships of the 
included taxa with Eucharitidae (see Chapter 11.6). 
Most of this uncertainty revolves around the affinities 
of the Chrysolampinae (Heraty & Darling, 1984). 


Biology. All perilampids are parasitoids of other 
insects and the life history is similar in many respects 
to that of Eucharitidae (Heraty & Darling, 1984; see 
Chapter 11.6). Eggs are laid away from the host, on 
leaves or flowers or in preformed cavities in plant 
tissue. The first instar larva is a sclerotized, active 
PLANIDIUM, which locates and attaches itself to the 
host. The existence of phoretic transport (cf 
Eucharitidae) has not been documented, but may 
occur in species that parasitize aculeate Hymenoptera. 
Once on a host a planidium searches out and kills 
conspecific competitors. Only a single individual devel- 
ops to maturity on one host. Development is hyper- 
metamorphic and the third instar larva is 
hymenopteriform. 

In contrast to the Eucharitidae, the host associa- 
tions of perilampids are extremely diverse. At least 
eight orders of insects serve as hosts, and both 
primary and secondary parasitism (hyperparasitism) 
occurs. As far as is known, the Chrysolampinae are 
primary parasitoids of Coleoptera that feed in enclosed 
situations on flowering plants. Hosts include 
Curculionidae in seed pods of legumes (Chrysolampus, 
Chrysomalla) and Nitidulidae in flower heads of mints 
(Chrysolampus). Eggs of Chrysolampus spp. in western 
North America are deposited in the seed pods of 
legumes and the planidia attack tychiine weevils 
(Darling & Miller, 1991). 


352 


11. The chalcidoid families 


Fig. 11.135. Perilampus regalis (Perilampidae). 


In the Perilampinae details of the life history and 
immature stages are known only for the genus 
Perilampus (e.g. Smith, 1912). Host associations are 
extremely diverse in Perilampus but are more restricted 
within species groups. Some are primary parasitoids of 
xylophagous Coleoptera (Anobiidae), stem-nesting 
wasps (Sphecidae), lacewings (Chrysopidae), or sawflies 
(Diprionidae, Tenthredinidae), while others are sec- 
ondary parasitoids of Lepidoptera, Rhaphidioptera, 
Coleoptera or Orthoptera, via ichneumonids, braconids 
or tachinids (Diptera). There is also a species in Peru 
that is a hyperparasitoid in the silken webs of 
Embiidina, developing as a parasitoid of Sclerogibbidae 
(Burks, 1969). In the ‘Perilampus hyalinus complex’, 
morphologically indistinguishable specimens can be 
reared as either primary parasitoids of sawflies (e.g. 
Neodiprion excitans in Belize), or as hyperparasites of 
Lepidoptera. This species-group is well represented in 
Costa Rica, as it is throughout the New World. 

Among other Perilampinae, Steffanolampus ‘and 
Burksilampus are primary parasitoids of xylophagous 


Anobiidae (Boucek, 1978), whereas Euperilampus 
species are hyperparasitoids via Ichneumonidae 
(Boucek, 1978a; Darling, 1983). In the Old World 
tropics Monacon species attack ambrosia beetles 
(Platypodidae) (Bouček, 1980) and Krombeinius 
species parasitize aculeate Hymenoptera (Darling, 
1988). 


Identification. Although only two genera of 
Perilampidae are definitely known to occur in Costa 
Rica, two other genera (Burksilampus and 
Euperilampus) occur in the region and may possibly be 
found in Costa Rica. These genera are therefore 
included in the following key. 


Key to the genera of Perilampidae of Central 
America 


1 Prepectus closely associated and usually fused to 
lateral panel of pronotum (Figs 11.136, 


11.137); fore wing with marginal vein 
shorter, not more than 3.0 times as long as 
stigmal vein (Figs 11.138, 11.139); mandibles 
asymmetric, right mandible with three teeth, 
left with only two teeth. ................ eerte 
noni m (Benianmpimae)- nn P 
—  Prepectus not closely associated and on the same 
plane as the lateral panel of the pronotum 
(Fig. 11.140), similar to Pteromalidae; fore 
wing with long marginal vein, 3.5 to 6.0 
times as long as stigmal vein (Fig. 11.140); 
mandibles bidentate symmetrical. .................... 
areen (Chrysolampinae)........... Chrysolampus 


2 Prepectus broad and triangular, about as wide as 
adjacent pronotal panel (Fig. 11.136); mar- 
ginal vein as long as or longer than postmar- 
ginal veint Pig A 3 

—  Prepectus narrow, less than half as wide as adja- 
cent pronotal panel (Fig. 11.137); marginal 
vein shorter than  postmarginal vein 
A NE Euperilampus** 


3 Petiole elongate, length greater than width, 
sculpture uniformly  alveolate or coria- 
ceous (Fig. 11.142); malar sulcus absent 
ca ae cM Burksilampus** 

— Petiole transverse (Fig. 11.141), or if elongate 
with distinct rugae on dorsal surface (Fig. 
11.141); malar sulcus present (Fig. 11.143) or 
malar region with oblique costae (Fig. 
iU, Déc em e P TTE 

Perilampus 
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Synopsis of the Costa Rican fauna 


Both subfamilies of Perilampidae occur in Costa Rica. 
There are two, possibly three or four, genera present, 
representing 20 to 30 species. The vast majority of 
perilampids encountered in Costa Rica (and elsewhere) 
are species of Perilampus. 


CHRYSOLAMPINAE 

There are two genera of Chrysolampinae recorded in 
the New World, but only one of these occurs in Costa 
Rica. The other genus, Chrysomalla, appears to be 
restricted to the arid steppe and desert regions of 


western North America and central Europe and Asia 
(Darling, 1986), and is not expected to occur in Costa 
Rica. 


Chrysolampus. Cosmopolitan. Biology: primary 
parasitoids of Coleoptera (e.g. Curculionidae, 
Nitidulidae) concealed in plant tissue. 


PERILAMPINAE 


There are four genera of Perilampinae recorded from 
the New World, but only Perilampus is known with 
certainty to occur in Costa Rica. Steffanolampus is a 
monotypic genus known from the Holarctic region 
and is not expected to occur in Costa Rica. 


Burksilampus**. This genus was described to 
accommodate a petiolate species of perilampine 
from North America (Boucek, 1978). Closely related 
species have been collected in Mexico (Jalisco, 
Veracruz) and on the island of Dominica in the 
West Indies. Somewhat similar species of petiolate 
perilampines are known from Colombia and a single 
species that may be referable to this genus occurs in 
Costa Rica. Biology: primary  parasitoids of 
Anobiidae in wood. 


Euperilampus**. Widely distributed, though infre- 
quently collected, in North and South America, but 
not yet known from Central America (Darling, 
1983); species are recorded from southern Mexico 
and from Colombia. Biology: hyperparasitoids, 
attacking Ichneumonidae. 


Perilampus. Cosmopolitan. Based on the material 
available for study, there are at least 20 species 
present in Costa Rica, which range in length from 
1.0 to 12.0 mm and vary from brilliant metallic to 
black. Several species-groups have been recognized 
in the genus (Smulyan, 1936; Boucek, 1972a; 
Darling, 1983) and all of the New World species- 
groups (Smulyan, 1936) are represented in Costa 
Rica, as well as a striking new species that cannot 
be referred to any recognized species-group. There 
are no keys that will allow the identification of Costa 
Rican species. Biology: primary parasitoids or hyper- 
parasitoids of a wide array of insects (see above); 
there are no host records from Central America. 
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Figs 11.136-11.145. Perilampidae. Figs 11.136-11.137. Lateral view of pronotum and prepectus; 11.136, Perilampus regalis; 
11.137, Euperilampus triangularis. Figs 11.138-11.139. Fore wing venation; 11.138, Perilampus regalis; 11.139, Euperilampus 
triangularis. Fig. 11.140. Chrysolampus schwarzi, Female. Figs 11.141—11.142. Petiole; 11.141, Perilampus stygius; 11.142, 
Burksilampus anobii. Figs 11.143-11.145. Head, lateral; 11.143, Perilampus stygius; 11.144, Burksilampus anobii; 11.145, 


Perilampus regalis. 


Paul E. Hanson 


Diagnosis. Usually 1.0 to 7.0 mm in length, but in 
one genus up to 30.0 mm; colour varying from bright 
green or blue to black or yellow. Antenna 8- to 13- 
segmented (including 1-3 anelli and 5-7 funicle 
segments), antennal attachment varies from mouth 
margin to more than mid-way between mouth and 
anterior ocellus. Pronotum varies from very short to 
subrectangular, mesoscutum with or without notauli. 
Wings usually fully developed (in Central America 
brachypterous forms are known only in Diparinae), 
fore wing usually with marginal vein several times 
longer than broad, with postmarginal and stigmal 
veins usually well-developed. Tarsi 5-segmented. 
Metasoma subpetiolate to distinctly petiolate; oviposi- 
tor varying from completely hidden to well exserted. 
In general the family is difficult to characterize except by 
absence of features defining other chalcidoid families. 


Classification and distribution. The Pteromalidae 
is cosmopolitan in distribution and is one of the 
largest families of Chalcidoidea, containing over 3000 
recognized species in nearly 600 genera. It is gener- 
ally agreed that this family is an artificial assemblage 
of groups that do not conveniently fit elsewhere in the 
Chalcidoidea. The number of subfamilies of 
Pteromalidae and their definitions have changed fre- 
quently. Graham (1969) recognized 15 subfamilies in 
his treatment of the northwestern European fauna 
while Boucek (1988) recognized 28 subfamilies in the 
Australasian region, about ten of which were newly 
recognized. Here I am following the classification of 
Boucek (1988), except that the Miscogastrini is placed 
as a tribe in the Pteromalinae rather than as a sepa- 
rate subfamily. Accordingly, 15 subfamilies are cur- 
rently known from Costa Rica. 


Biology. The family Pteromalidae is biologically very 
diverse. In North America species of the genus Hemadas 
cause galls on Vaccinium (Ericaceae) (McAlister & 
Anderson, 1932) and species of at least three genera of 
Ormocerinae are gall-formers on Acacia (Leguminosae), 
Eucalyptus (Myrtaceae) and other plants in Australia 
(Noble, 1938, 1940, 1941; Boucek, 1988). The vast 
majority of pteromalids, however, are carnivores. The 
modes of carnivory encountered in the family are very 


diverse, encompassing idiobiosis and. koinobiosis, 
ectoparasitism and endoparasitism, solitary and gregar- 
ious parasitoids, and primary and secondary para- 
sitoids. The hosts of Pteromalidae include spiders and 
eleven orders of insects (Burks in Krombein et al., 1979; 
Dzhanokmen, 1991): Blattaria, Dermaptera, Hemiptera, 
Homoptera, Neuroptera, Coleoptera, Strepsiptera, 
Lepidoptera, Diptera, Siphonaptera and Hymenoptera. 
They attack eggs, larvae, pupae or, rarely, adults (e.g. 
the North American Tomicobia on adult Scolytidae and 
Curculionidae), 


Idiobionts. The majority of pteromalids are ectopara- 
sitic idiobionts of larvae or pupae of holometabolous 
insects, especially Coleoptera and Diptera living in 
concealed situations (in plant tissue, excrement, etc.). 
Species associated with galls may develop as 
inquilines, feeding on gall tissue, and/or as ectopara- 
sitoids of larvae, pupae, or even adults of the gall- 
forming insect, or of other insects living in the gall 
(Askew, 1961a). Many pteromalid genera (e.g. 
Spalangia, Cyrtogaster, Callitula, Muscidifurax, Nasonia, 
Pachycrepoideus, Sphegigaster) comprise species that are 
parasitoids of dipterous pupae and develop concealed 
within the puparium. In Hymenoptera in general, 
ectoparasitoids of exposed pupae are rare, but in 
Pteromalidae, Schizonotus  parasitizes exposed 
chrysomelid pupae (Dowden, 1939) and Metastenus (= 
Scymnophagus) attacks exposed coccinellid pupae 
(Clausen, 1940b). In both cases, however, the para- 
sitoid larva is concealed beneath the pupa. One of the 
few truly endoparasitic idiobionts is Pteromalus 
puparum which develops in lepidopterous pupae that 
occur in exposed situations. 

Because they consume more than a single host 
individual, some essentially idiobiotic pteromalids may 
be said to develop as predators. For example, the 
larvae of some species of Systasis have been observed 
to feed on a succession of small cecidomyiid larvae 
(Parnell, 1963). Eunotinae feed as predators on the 
eggs of Coccoidea and the same species can sometimes 
develop as an ectoparasitoid or hyperparasitoid on the 
adult female coccid if eggs are not available (Smith & 
Compere, 1928). Arachnopteromalus develops as a 
predator of eggs in uloborid spider egg sacs (Gordh, 
1976b, 1983). True egg parasitoids appear to be rare 
in Pteromalidae, one of the few examples being 
Erixestus in chrysomelid eggs (Daviault, 1941; Grissell 
& De Santis, 1987). 
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Fig. 11.146. Lalaps sp. (Pteromalidae). 


Most species of Pteromalidae are probably solitary 
parasitoids, although several are known to be gregari- 
ous. Most of the gregarious species are pupal para- 
sitoids, for example, Pteromalus puparum, Metastenus, 
Nasonia and Schizonotus. While several pteromalids are 
facultative hyperparasitoids a few are obligate hyper- 
parasitoids. Species of Asaphes are, for example, oblig- 
ate hyperparasitoids of aphids, attacking aphidiine 
braconids (Sullivan, 1972; Levine & Sullivan, 1983). 
Catolaccus aeneoviridis is another widespread obligate 
hyperparasitoid, attacking ichneumonoids and 
bethylids (Burks in Krombein et al., 1979). Toxeumella 
albipes is a hyperparasitoid of lepidopterous larvae via 


microgastrine braconids (pers. obs.), and may be an 
obligate hyperparasitoid. 


Koinobionts. Presently koinobiosis is known from only 
two subfamilies of Pteromalidae, the Pireninae and 
Pteromalinae, and all are endoparasitoids of Diptera. 
In Pireninae, two species of Macroglenes are known to 
be koinobionts of Cecidomyiidae, ovipositing in either 
the host egg or larva, and emerging from the larva 
(Kutter, 1934; Doane et al., 1989). Other genera of 
Pireninae that parasitize Cecidomyiidae, such as 
Gastrancistrus, may also be koinobionts (e.g. Marchal, 
1907; Askew & Ruse, 1974). The first instar larvae of 


these species have large mandibles, which are presum- 
ably used in fighting, as in endoparasitic koinobionts 
in other families (see Chapter 2.5). 


In the subfamily Pteromalinae koinobionts occur in 
both the Miscogastrini and the Pteromalini. The best 
documented cases of koinobiosis are in the miscogas- 
trine genera Miscogaster (Parker & Thompson, 1925) 
and Halticoptera (e.g. Takada & Kamijo, 1979). One 
European species of Halticoptera oviposits into half- 
grown agromyzid larvae, but the egg does not hatch 
until the host forms its puparium (Askew, 1968). In 
the tribe Pteromalini a species of Stenomalina is known 
to develop as a koinobiont in the larvae of chloropids 
(Kearns, 1931). 


Host-feeding. Most pteromalids are synovigenic idio- 
bionts, so it is perhaps not surprising that host-feeding 
has been recorded in numerous species (Jervis & Kidd, 
1986). Many construct a feeding tube, and in most 
cases the female appears to feed and oviposit in the 
same host individual. For example, species of Asaphes, 
which attack aphidiine braconid larvae inside aphid 
mummies, inject a venom that causes immediate 
paralysis. Before laying an egg the female generally 
feeds on the host via a feeding tube from the aphidiine 
body to the surface of the aphid mummy (Keller & 
Sullivan, 1976). She feeds for about five minutes, then 
re-inserts her ovipositor, thus breaking the feeding 
tube, and lays an egg. On the other hand a female 
Metastenus may spend hours feeding on a chrysomelid 
pupa, after which she thrusts her ovipositor com- 
pletely through the pupa and deposits an egg on the 
ventral surface. The original puncture may be used for 
repeated feeding and oviposition, resulting in a cluster 
of four to six eggs (Clausen, 1940b; Domenichini, 
1957; Ricci & De Santis, 1983). In a few cases 
(Muscidifurax and Spalangia) host-feeding may be 
destructive, thus excluding the possibility of using the 
same host for oviposition (Legner & Gerling, 1967; 
Podoler & Mendel, 1977). 


Immature stages. The majority of pteromalid eggs are 
ovate or ellipsoidal in form, often slightly curved, and 
without an anterior stalk or pedicel, except in 
Scutellista. Most pteromalids oviposit externally on the 
host, and the eggs of most of these species have a 
sculptured surface (with minute spicules, papillae, or 


granules). Eggs that are deposited internally are often 
smooth (Clausen, 19405). 


The first instar larvae of most pteromalids are 
hymenopteriform, with 13 body segments. The 
integument is often quite bare although a variable 
number of setae may be present (Clausen, 1940b). 
The first instar larva of the endoparasitic, koinobiotic 
species of Pireninae are unusual in having a large 
mandibulate head, and in lacking distinct body seg- 
mentation and setae (Marchal, 1907; Kutter, 1934; 
Doane et al., 1989). There are often four pairs of spira- 
cles, situated on the second thoracic and on the first 
three abdominal segments, although an open tracheal 
system is absent in endoparasitic species—Pireninae, 
Pteromalus puparum and Stenomalina (Kearns, 1931). 

In most species of Pteromalidae that have been 
examined there appear to be five larval instars, 
although there are only four in Dibrachys cavus and 
Pteromalus cerealellae, and only three in Macroglenes 
(two feeding instars followed by a third non-feeding 
instar; Doane et al., 1989). Later instars of most 
ectoparasitic pteromalids have nine pairs of spiracles, 
on the last two thoracic segments and on the first 
seven abdominal segments. In the endoparasitic 
koinobiont, Stenomalina, the first and second instars 
have an unusual tracheal system that has an addi- 
tional pair of longitudinal trunks. Spiracles are not 
present until the fourth instar, a stage that is also 
characterized by sclerotized ‘horns’ on the head, 
which may possibly be used in breaking through the 
host’s cuticle (Kearns, 1931). 


Mating behaviour. Assem (1986) has noted a possible 
evolutionary sequence in courtship positions in 
Pteromalidae. In subfamilies that are presumed to be 
primitive (e.g. Spalangiinae and Cerocephalinae) the 
male courts the female from the posterior, that is, 
from the copulatory position. In more advanced sub- 
families (e.g. Pteromalinae) the male is usually located 
more anteriorly on the female, stroking her head with 
his front tarsi and possibly liberating pheromones 
from his mandibular gland, and producing auditory 
stimuli via thoracic vibrations. 


Economic importance. Among hymenopterous 
parasitoids used in classical biological control 
Pteromalidae rank sixth in importance (Greathead, 
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1986). The principal contribution of pteromalids is in 
the control of muscid flies, especially the house fly 
(Musca domestica) and the stable fly (Stomoxys calci- 
trans) (e.g. Cabrales et al., 1985). Species of Spalangia, 
Muscidifurax, and Pachycrepoideus have been widely 
used and various combinations have been effective in 
the United States (Morgan et al., 1981; Rutz & 
Patterson, 1990; Petersen et al., 1992). Both species 
of flies are major pests in Central America and the use 
of these pteromalids offers a potential means of con- 
trolling them. Presently in Costa Rica Pachycrepoideus 
vindemmiae is being tested for its potential to control 
the Mediterranean fruit fly (Ceratitis capitata, 
Tephritidae). Other parasitoids of pest flies in the 
region include indigenous species of Halticoptera that 
attack Liriomyza (Agromyzidae). 

Certain pteromalid parasitoids of non-dipterous 
hosts may also be important in biological control. For 
example, three cosmopolitan species are frequently 
found attacking beetle pests of stored grain: Theocolax 
elegans (Williams € Floyd, 1971), Anisopteromalus 
calandrae (Chatterji, 1955), and Lariophagus distinguen- 
dus (Kashef, 1956). Other important beetle parasitoids 
are some species of Catolaccus which attack the boll 
weevil, Anthonomus grandis. Catolaccus grandis, for 
example, has been recorded parasitizing boll weevils 
throughout Mesoamerica, including Costa Rica (Cross 
& Mitchell, 1969) and this species has been intro- 
duced into the United States where it is showing great 
possibilities as a biological control agent (Morales- 
Ramos & Cate, 1992). Some Eunotinae have been 
widely introduced for biological control of scale insects 
but with only limited success (Clausen, 1978). 

A few pteromalid species may be adversarial to 
human interests, notably those that attack beneficial 
insects. For example, in Central America Toxeumella 
albipes parasitizes microgastrine braconids that help 
control such lepidopterous pests as: brassoline 
nymphalids (Caligo and Opsiphanes) and limacodids 
(Sibine) in banana and oil palm plantations. Species of 
Asaphes are hyperparasitoids of aphids, and species of 
Pachyneuron attack not only aphid parasitoids but also 
syrphid predators of aphids. Species of Eurydinoteloides 
likewise attack syrphids. Catolaccus aeneoviridis is a 
widespread obligate hyperparasitoid that attacks eco- 
nomically important ichneumonoids in the New 
World (Burks in Krombein et al., 1979), and finally, 
Pteromalus puparum is occasionally a pest on butterfly 
farms in Costa Rica. 
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Identification. Keys to the genera of Pteromalidae 
are available for northwestern Europe (Graham, 
1969), the western Palaearctic (Boucek € Rasplus, 
1991), Australasia (Boucek, 1988), and will soon be 
available for North America north of Mexico (Boucek 
& Heydon, in prep.). The latter should be useful for 
identifying many of the Central American pteroma- 
lids although genera that occur in Central America 
but not in North America are excluded. A major 
obstacle in identifying neotropical Pteromalidae is 
the large number of undescribed genera present in 
the region. The fact that 31 new genera 
were recently described from North America 
(Boucek, 1993b) indicates how poorly known this 
family is. 


Key to subfamilies of Pteromalidae present 
in Costa Rica 


] Body very elongate, usually more than 20 mm in 
length; head with prominent ridge between 
inner eye margin and scrobal cavity; prono- 
tum elongate, neck-like (Fig. 11.153). 

[Ovipositonprotnudinge| ieee S 

IUE. DONS rs Leptofoeninae (p. 365) 

— Generally smaller than above, less than 20 mm 
in length; head usually without ridge on inner 

eye margin; pronotum rarely so elongate. .... 2 


2 Head and body dorso-ventrally flattened, shiny 
black, metasoma petiolate (Fig. 11.148); 
antennae attached on lower margin of head, 
at sides of mouth (Fig. 11.149); antenna with 
no anellus, seven funicular segments and an 
undivided clava. ......... Spalangiinae (p. 369) 

— Without the above combination of characters. .... 


3 Head with ridge or tooth between antennal 
bases; head usually quite globose 

(Fig. 11.150); body shiny yellow or brown. 
[Fore wing usually without conspicuous 
setae except on wing margin; sometimes with 
a tuft of setae at apex of submarginal vein; 
postmarginal and stigmal veins usually short.] 
qM Cerocephalinae (p. 362) 
— Head usually without tooth between antennae; if 
present, then head and body not as above.... 4 


10 


Axillae greatly advanced in front of scutellum 


Veal SES TQ 5 
Axillae not advanced in front of scutellum 
A annan 6 


Scutellum with submedian, longitudinal grooves; 
axillae widely separated posteriorly (Fig. 
ae Colotrechninae (p. 363) 

Scutellum without submedian, longitudinal 
grooves; axillae almost meeting posteriorly 
(Fig. 11.156). .. Eutrichosomatinae (p. 364) 


Antenna with seven funicular segments (except 
in females of Trimicrops, which are brachypter- 
ous); either inner margins of eyes diverging 
on lower face, or head and mesosoma with 
A a 7 

Antenna usually with fewer than seven funicular 
segments; inner margins of eyes parallel; head 
and mesosoma without erect dark bristles. .. 8 


Inner margins of eyes diverging ventrally in 
frontal view (Fig. 11.154); eyes usually setose; 
dorsal part of head and mesosoma without 
long, semi-erect, dark bristles. 

[Males are very similar to male Eupelmidae.] 
E UTE Cleonyminae (p. 362) 

Inner margins of eyes parallel; eyes not setose; 
dorsal part of head and mesosoma usually 
with long, erect, dark bristles (Fig. 11.147). 

[First tergite enlarged and covering at least 


0.3 of metasoma.] ........... Diparinae (p. 363) 
Antenna with fewer than 13 segments. ........... 9 
Antennal with 13 Segments. 952 055a 13 


First segment of gaster enlarged; metasoma 
sessile (with petiole inconspicuous). ........... 10 
First segment of gaster usually not enlarged, but 
if enlarged, then metasoma conspicuously 
Petiolatctmmmemmmttnitre sce: sattttsrressecresencerssress 12 


Posterior part of head broadly concave, usually 
sharply carinate dorsally, with ocelli nearly 
touching edge (Fig. 11.151); antenna with 
four or five evident segments between pedicel 
A (OBS ao ces Eunotinae (p. 364) 


Jp 


127 


13 


14 


Posterior part of head usually not broadly 
concave and not carinate; antenna with one 
anellus and six funicular segments. ........... 11 


First metasomal tergite with longitudinal striae 
(Fig. 11.158); head with scrobal cavity delim- 
ited by a carina; body and wings not densely 
SELOSC eee Erotolepsiinae (p. 364) 

First metasomal tergite without longitudinal 
striae; scrobal cavity not delimited by a carina; 
head (including eyes), dorsum of mesosoma 
(Fig. 11.159) and wings densely covered with 
short setae. ................. Herbertiinae (p. 365) 


Antenna with 12 segments (usually with two 
anelli and five funicular segments), inserted 
aboutiinicentreiofifacem A keisi 


A A T TOR noe Ormocerinae (p. 365) 
Antenna with less than 12 segments, inserted 
below centre of face. ........ Pireninae (p. 365) 


Propodeal spiracles situated about 0.5 of way 
along propodeum (Fig. 11.157); extremely 
small (1.0 mm or less in length). ...........0c0s00+6 
PER E T a Ceinae (p. 362) 

Spiracles of propodeum situated near anterior 
margin; size variable, but usually larger than 
MT ERE eere Ee 14 


Posterior margin of gena carinate (Fig. 11.152). 
[Marginal vein short, about as long as 
stigmal and postmarginal veins; notauli com- 
plete; metasoma petiolate.]..............................-. 
NE OE DE OCA EEE Asaphinae (p. 361) 
Posterior margin of gena rounded. ........................ 
Mr rocod o EDO EEG: Pteromalinae (p. 366) 


Synopsis of the Costa Rican fauna 


Pteromalidae is one of the most poorly studied families 
of Hymenoptera and therefore our present knowledge 
of the Costa Rican fauna is very limited. I have seen 
more than 70 genera from the country, but the total 
present is likely to be at least 100. Estimating the 
number of species present is difficult, given that most 
are probably undescribed, but within an order of mag- 
nitude, there are probably at least 500 species in 
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Figs 11.147-11.152. Pteromalidae. Fig. 11.147. Diparinae, head. Figs 11.148-11.149. Spalangiinae; 11.148, dorsal view of 
mesosoma ; 11.149, head. Figs 11.150-11.152. Head; 11.150, Cerocephalinae; 11.151, Eunotinae; 11.152, Asaphinae. 
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Figs 11.153-11.159. Pteromalidae. Fig. 11.153. Leptofoenus sp. (Leptofoeninae), whole insect, lateral view. Fig. 11.154. 
Cleonyminae, anterior view of head. Figs 11.155-11.156. Dorsal view of mesosoma; 11.155, Colotrechninae; 11.156, 
Eutrichosomatinae. Fig. 11.157. Ceinae, dorsal view of propodeum. Fig. 11.158. Erotolepsiinae, dorsal view of metasoma. Fig. 


11.159. Herbertiinae, dorsal view of head and mesosoma. 


Costa Rica. The family is represented at all altitudes 
although there are notable differences between low 
and high altitudes. At low altitudes (below about 
1500 m) groups such as Diparinae constitute a con- 
spicuous part of the fauna, whereas at high altitudes 
genera of Pteromalini are predominant. 

The following is a very preliminary tabulation of 
the Pteromalidae presently known from Costa Rica. 
Because even the North American genera are still 
being revised (Heydon € Bouček, 1992; Bouček, 
1993b; Boucek & Heydon, in prep.), many of the 


pteromalids collected in preparation for this book 
remain unidentified. Thus further study of the mater- 
ial already at hand will necessitate additions to this 
list in the near future. 


ASAPHINAE 


This subfamily comprises four genera, two of which 
are Australian (Boucek, 1988) and one holarctic. 


Asaphes. Cosmopolitan; about 25 described species; 
in Costa Rica mostly at higher altitudes (above 
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1500 m). Biology: ectoparasitic idiobionts of aphidi- 
ine braconids in aphids (Haviland, 1922; Evenhuis, 
1964). The female Asaphes selects an aphid that has 
been killed by the aphidiine larva (Dunn, 1949), 
injects a venom that causes immediate paralysis of 
the aphidiine host, feeds on the host, and then 
oviposits (Keller & Sullivan, 1976). The aphidiine 
host does not void a meconium and deteriorates 
into a soft, blackened mass (cf Megaspilidae; 
Bocchino & Sullivan, 1981). Occasionally Asaphes 
may be a tertiary parasitoid, attacking either 
another species of hyperparasitoid (e.g. Cynipoidea- 
Charipini; Sullivan, 1972) or its own species (Levine 
& Sullivan, 1983). 


CEINAE 


This small subfamily comprises three genera, only one 
of which has been found in Central America (Darling, 
1991). 


Spalangiopelta. Seldom collected; some species are 
more readily obtained through litter sampling (e.g. 
Berlese funnel) than through traditional collecting 
techniques. This, combined with the fact that one 
North American species shows continuous wing 
length variation (varying from fully winged to 
brachypterous), suggests that they attack hosts in 
leaf litter, probably Diptera (Darling & Hanson, 
1986). 


CEROCEPHALINAE 


This subfamily comprises about a dozen genera and 
35 species worldwide. Four genera have been collected 
in Central America at altitudes between seal-level and 
about 1600 m. Choetospilisca has not yet been found 
in the region, but may occur here as it occurs in 
Brazil and North America, where it parasitizes larvae 
of Curculionidae (Burks in Krombein et al., 1979). A 
key to cerocephaline genera is given in Hedqvist 
(1969); a new genus, Laesthiola, was recently 
described from southern Florida (Bouček, 19935). 


Cerocephala. Probably Old World in origin, 
although two species are holarctic; C. aquila has 
become nearly cosmopolitan, possibly through 
human activity (hosts occur in bamboo). Sides of 
head rounded; fore wing with tuft of setae at apex of 
submarginal vein. Biology: attack  Scolytidae, 
Anobiidae, Bostrychidae and Lyctidae, either as 


primary parasitoids, or as hyperparasitoids via doryc- 
tine braconids (Szczepanski, 1960; Grissell, 1981). 


Neocalosoter (— Thecolaxia). Mostly southern hemi- 
sphere species. Sides of head rounded; without tuft 
of setae at apex of submarginal vein. Biology: para- 
sitoids of scolytids in wood. In Costa Rica N. pity- 
opthori has been reared from  Styphlosoma 
granulatum (Scolytidae) in Spondias mombin logs 
. (Matthews, 1969). 


Paralaesthia. Just one species, P. mandibularis, 
which is known only from Central America. Sides of 
head parallel, mandibles large and widely separated; 
with tuft of setae at apex of submarginal cell. 
Biology unknown. 


Theocolax (= Choetospila). Three species, two of 
which are cosmopolitan. Sides of head parallel, 
mandibles widely separated; with tuft of setae at 
apex of submarginal cell. Biology: T. elegans is a 
parasitoid of Stegobium pamniceum (Anobiidae) in 
stored grain (Williams & Floyd, 1971), and 
T. formiciformis is a parasitoid of anobiid beetle 
larvae in dead wood. 


CLEONYMINAE 


Worldwide the Cleonyminae comprises about 40 
genera and 170 species (Boucek, 1958). This subfam- 
ily may be more closely related to certain Eupelmidae 
than to other Pteromalidae. Cleonymines are probably 
all ectoparasitic idiobionts, mostly of beetle larvae in 
dead wood or woody stems (e.g. see Grissell, 1991), 
but a few species may specialize on other hosts in 
similar situations, such as stem-nesting aculeates 
(Krombein, 1959). The subfamily includes five tribes: 
Chalcedectini, Cleonymini, Heydeniini, Lyciscini and 
Ooderini. No ooderines or heydeniines have been 
found in Central America although they occur in 
North America. In Costa Rica species of this subfamily 
occur at lower altitudes, from sea-level up to about 
1600 metres. 


CLEONYMINAE: Chalcedectini. This tribe is most 
species-rich in the New World where three genera are 
present: Amotura (pantropical), Chalcedectus (Brazil), 
Dryadochalcis (Brazil and Texas). Members of the 
Chalcedectini can be readily recognized by their 
greatly enlarged hind femora. 


Amotura. Pantropical, north into the United States. 
Grissell (1991) revised the nearctic taxa. Biology: 
parasitoids of beetles of the families Bostrychidae 
and Buprestidae. 


CLEONYMINAE: Cleonymini. This primarily Old World 
group is characterized by the possession of a lateral 
process on the preclaval segment of the antenna of 
females. Two genera occur in the New World: 
Cleonymus (cosmopolitan) and  Notanisus (= 
Pannoniella; apparently introduced into North America 
from Europe). The former is known to occur in Costa 
Rica. 


Cleonymus (= Ptinobius). More than 20 described 
species. Biology: parasitoids of beetles in wood. 


CLEONYMINAE: Lyciscini. This primarily southern 
hemisphere group comprises approximately 25 genera 
(Hedqvist, 1961; Boucek, 1988). It is represented in 
Central America by at least three genera, possibly 
more as the neotropical genera need revision. 
Members of the tribe are readily recognizable by 
their densely punctate, dorso-laterally carinate 
metasoma. 


Epistenia. New World; about 20 described species. 
Pronotum transverse; posterior edge of gena cari- 
nate. Biology: parasitoids of aculeate Hymenoptera 
nesting in stems (Krombein, 1959). 


Lycisca. Neotropical; nine described species. 
Pronotum at least as long as wide; scutellum often 
quite flat; body usually very elongate. A key to 
species is given in Hedqvist (1961). Biology 
unknown. 


Parepistenia. South America, Africa, southern 
Asia and Australia; the genus comprises at least 50 
species worldwide (Boucek, 1988). Similar to 
Epistenia but with posterior margin. of gena 
rounded, not carinate. Biology: reared from logs and 
stems containing beetles. 


COLOTRECHINAE: (7 Dvaliniinae; Grissell, 1985) 

Boucek (1988) recognizes five tribes of 
Colotrechninae, but only one of these, the 
Colotrechnini, is known from the New World. This 
tribe comprises three Australian and six New World 


genera, and the widely distributed genus Colotrechnus. 
Of the seven genera present in the New World four 
have not been seen in Costa Rica: Baridobius (North 
America), Colotrechnus (North America), Dvalinia 
(Brazil and Elachertodomyia (North America). Host 
records are from Curculionidae and Scolytidae, except 
Colotrechnus, which has been reared from 
Agromyzidae in flower heads. 


Bofuria. Neotropics; two described species from 
Colombia and St. Vincent (Hedqvist, 1978). This is 
the most commonly collected colotrechnine genus 
in Costa Rica where at least two species are present. 
Individuals are most commonly taken between 700 
and 1600 metres, although isolated specimens have 
been found at sea-level, and up to 2100 metres. 
Antenna with six funicular segments; pronotum 
carinate. Biology unknown. 


Bomburia. Neotropics; two described species from 
Brazil. Antenna with five funicular segments; 
antennae attached above lower eye margin. 
Biology: a specimen from Costa Rica was reared 
from the scolytid Phloeotribus armatus (specimen 
label in USNM). 


Dipachystigma. Transferred from Pireninae to 
Colotrechninae by Heydon and Boucek (1992). New 
World; two described species from North America. 
Antenna with four funicular segments; apex of sub- 
marginal vein enlarged. Biology: parasitoids of 
scolytid larvae (Burks in Krombein et al., 1979). 


DIPARINAE 


Worldwide there are fewer than 100 described species 
of Diparinae, but the actual number is certainly much 
higher. Boucek (1988) divided the subfamily into two 
tribes: Lieparini (one Australian genus) and the cos- 
mopolitan Diparini comprising about 20 genera, most 
species of which occur in tropical and subtropical 
regions. Some species in this subfamily have 
brachypterous females, while males are always fully 
winged. The hosts are unknown except for one species 
in India, which was reared from the larva of a weevil 
(Curculionidae) feeding on the roots of Cyperus 
(Cyperaceae) (Boucek, 1988). In Costa Rica the sub- 
family is represented by four described genera (and 
possibly one or two undescribed genera), and is 


common from sea-level to about 1600 metres in alti- 
tude. Keys to genera are given in Hedqvist (1969) and 
Yoshimoto (1977). 


Dipara (= Apterolaelaps). Cosmopolitan; less than 
20 described species. At least two species are 
present in Costa Rica (0-1600 m), one of which has 
brachypterous females. Petiole of female about as 
long as broad; male antenna with flagellar segments 
constricted at the ends and with whorls of long 
setae. 


Lelaps. Neotropics; about 50 described species; at 
least 15 species are present in Costa Rica. Female 
antenna with first funicular segment much longer 
than pedicel; male antenna with long setae. 


Netomocera. Cosmopolitan; less than 10 described 
species. Only one (apparently undescribed) species 
has been seen in Costa Rica. Small (2 mm), robust; 
petiole of female subtriangular (broader than long); 
male antenna not noticeably setose, petiole at most 
1.5 times as long as broad. 


Trimicrops. Three described species; at least two 
species are present in Costa Rica. Females brachypter- 
ous, antenna with two or three anelli; male antenna 
not noticeably setose, petiole very elongate. 


EROTOLEPSIINAE 


This small subfamily comprises two Australian genera 
and the neotropical Erotolepsia; it is possible that 
Balrogia from Brazil belongs here as well (Boucek, 
1988). In Costa Rica this subfamily has been collected 
at lower altitudes, from sea-level up to 1200 metres. 


Erotolepsia. Texas to Brazil, including the Caribbean; 
one described species. Biology: apparently reared from 
Stratiomyidae (Boucek & Heydon, in prep.). 


EUNOTINAE 


Members of this subfamily often oviposit under (as 
opposed to through) the scale covering of mature 
Coccoidea, and the larvae, which are gregarious, 
develop as predators on the eggs contained within. 
The mature larva spins a light web of silk between the 
host body and the plant surface (Smith & Compere, 
1928; Flanders, 1952, 19594). Eunotinae is divided 


into three tribes (Boucek, 1988), two of which are 
known from Costa Rica, and the third is expected to 
occur here. 


EUNOTINAE: Eunotini. This tribe contains five genera, 
two of which are restricted to the Northern 
Hemisphere. The other three are all known to occur in 
Costa Rica. 


Cephaleta. Neotropics and tropical Asia; about 10 
described species. This is the most commonly col- 
lected member of the subfamily in Costa Rica 
(0-2100 m). Biology: associated with Coccidae. 


Mesopeltita. Neotropics and Africa; represented in 
Costa Rica by M. truncatipennis. Biology: associated 
with Coccidae. 


Scutellista. Probably native to the Palaeotropics. S. 
caerulea (— cyanea), which has been widely used in 
classical biological control (Clausen, 1978), is 
present in Central America although there are no 
reports of its introduction into the region. Biology: 
parasitoids of a variety of Coccidae, especially 
Ceroplastes, Lecanium and Saissetia. 


EUNOTINAE: Moranilini. Members of the Moranilini are 
characterized by reduced pilosity and presence of 
paired bristles on the mesosoma. 


Moranila**. M. californica has been widely intro- 
duced throughout the warmer parts of the world. 
Biology: species are associated with Coccidae. 


EUNOTINAE: Tomocerodini. Members of this tribe differ 
from all other Eunotinae in having metasomal tergite 
I shorter than tergite II. There is only one described 
genus. 


Tomocerodes. Arizona to Argentina; one described 
species. Biology: parasitoids of  Lecanodiaspis 
(Lecanodiaspididae) (Burks in Krombein et al., 1979). 


EUTRICHOSOMATINAE 


This small subfamily contains just two New World 
genera, both of which are found in Central America, 


and possibly one Australian genus (Boucek, 1974b, 
1988). 


Eutrichosoma. Two described species. Marginal 
vein barely longer than stigmal vein. E. flabellatum 
has been collected in low elevation dry forest in 
northwestern Costa Rica and in mid elevation 
(1600 m) wet forest near San José. Biology: the host 
of E. flabellatum is unknown but the only other 
species in the genus has been reared from weevil 
larvae (Curculionidae) in North America and 
Mexico (Boucek, 1974b). 


Peckianus. One described species, P. laevis. 
Marginal vein much longer than stigmal vein. 
Biology: reared from bean pods containing weevils 
of the genus Apion. 


HERBERTIINAE 
This subfamily contains only one genus. In Costa Rica 


it has been collected from sea-level to 1600 metre alti- 
tude. 


Herbertia. Cosmopolitan; small genus, most 
species-rich in tropical and subtropical regions. A 
key to described species is given by Burks (1959). 
Biology: parasitoids of leaf-mining Agromyzidae 
(Diptera) (Burks, 1959). An unidentified species was 
reared from an agromyzid leaf miner in Smilex 
spinosa (Liliaceae) in northwestern Costa Rica 
(Memmott et al., 1994). 


LEPTOFOENINAE 
This subfamily comprises one Australian and one 
neotropical genus. 


Leptofoenus. Neotropical with four species present 
in Central America, all from lowland sites. 
Leptofoenus species are exceptionally large, elongate 
pteromalids, often more than 12 O mm in length. A 
key to species is given by LaSalle and Stage (1985). 
Biology unknown, but their form and size suggest 
they may be parasitoids of beetles in wood. 


ORMOCERINAE 

As defined by Bouéek (1988) this subfamily includes 
three tribes, Ormocerini, Melanosomellini and 
. Systasini. The first of these is holarctie and includes a 


single genus Ormocerus. The other two tribes are 
known to be present in Central America. 


ORMOCERINAE: Melanosomellini. This tribe, previously 
known as Brachyscelidiphaginae, contains over 30 
genera, most of which are restricted to Australia, but 
some of which occur in southern Asia, Africa and 
South America (Yoshimoto, 1972). It is uncertain 
whether the North American Hemadas, which causes 
galls on Vaccinium (Ericaceae) (McAlister & Anderson, 
1932), belongs here. The neotropical taxa are mostly 
unstudied. Most Melanosomellini are associated with 
plant galls, as gall-formers (e.g. Noble, 1938, 1940, 
1941) or inquilines. 


ORMOCERINAE: Systasini. This tribe comprises two cos- 
mopolitan genera. 


Semiotellus. Cosmopolitan; about a dozen 
described species. Mesosoma punctate. Biology 
unknown. 


Systasis®*. Cosmopolitan; about 30 described 
species. Fore wing with a distinct row of admarginal 
setae on the ventral side. Biology: reared from the 
galls of Cecidomyiidae, and from the seeds of grasses 
(Panicum spp.). 


PIRENINAE 


This subfamily contains about 12 genera worldwide, 
at least three of which are presently known from 
Costa Rica. Many are parasitoids of larvae of 
Cecidomyiidae (Diptera). 


Bugacia. Primarily holarctic; in Costa Rica it has 
been collected only at 1600 metres altitude. Similar 
to Gastrancistrus but pronotum with transverse 
carina. Biology: parasitoids of Cecidomyiidae. 


Erixestus. New World; two described species, one 
from the United States and a second from 
Argentina. At least one species is present in Costa 
Rica. Body robust, black; sides of propodeum 
densely covered with white setae. Biology: solitary 
endoparasitoids of eggs of Calligrapha species 
(Coleoptera: Chrysomelidae) (Grissell & De Santis, 
1987). A new species is being described from eggs 
of Zygogramma magica (Chrysomelidae) on Tithonia 


tubaeiformis (Compositae) in Honduras (Grissell & 
Cave, in press). 


Gastrancistrus (= Parasyntomocera, Stigmatocrepis, 
Parecrizotes and Mesecrizotes). More than 100 
species worldwide; the most commonly collected 
genus of Pireninae in Costa Rica (all altitudes). 
Marginal vein less than 3.5 times as long as stigmal 
vein. Biology: endoparasitic koinobionts of Diptera, 
ovipositing in the larva and emerging from the 
pupa (e.g. Askew & Ruse, 1974). 


Macroglenes (= Pirene; see Boucek, 1988). 
Cosmopolitan; about 20 described species. Marginal 
vein at least 3.5 times as long as stigmal vein. 
Biology: endoparasitic koinobionts of Cecidomyiidae, 
ovipositing in the egg and emerging from the larva 
(Doane et al., 1989). 


PTEROMALINAE 


This is by far the largest subfamily of Pteromalidae, 
containing over half of all the genera and species in 
the family. Considerable taxonomic difficulties still 
remain to be resolved about the classification of this 
group, which is largely an aggregation of genera that 
do not fit elsewhere. The three currently recognized 
tribes—Trigonoderini, Miscogastrini and Pteromalini 
—are all represented in Costa Rica. 


PTEROMALINAE: Trigonoderini. This tribe, which was 
placed in the Miscogastrinae by Graham (1969), is 
characterized by having a fairly elongate pronotum and 
a long postmarginal vein, which usually exceeds the 
marginal vein in length. Most species are parasitoids of 
larvae of wood-boring beetles, especially Anobiidae and 
Bostrychidae. A key to the genera is given in Hedqvist 
(1968). 


Gastracanthus. Primarily holarctic; about 12 
described species. One species is known to occur in 
Costa Rica at altitudes between 900 and 1600 
metres. Clypeus edentate; prepectus normal. 


Ogloblinisca. United States south to Argentina; 
three described species, but five species occur in 
Costa Rica below about 2200 metres. Clypeus eden- 
tate; prepectus with a delimited triangular region 
posteriorly. 


doid families 


Trigonoderus. Holarctic and South America; about 
30 described species. Four species have been found 
in Costa Rica, all above 1000 metres. Clypeus with 
a median tooth. 


PTEROMALINAE: Miscogastrini. Members of this primar- 
ily holarctic tribe are characterized by having three 
asymmetrically placed teeth on the anterior margin of 
the clypeus. Most if not all are parasitoids of Diptera. 
At least one genus appears to be common in Costa 
Rica although others are undoubtedly present, espe- 
cially at higher altitudes (above 1500 m). 


Halticoptera. Widespread; about 30 described 
species. Biology: endoparasitic koinobionts of 
Agromyzidae and Tephritidae, ovipositing in the 
larva and emerging from the puparium (Askew, 
1968). In Peru H. arduine (holotype collected by 
Charles Darwin) and H. peruviana are parasitoids of 
Liriomyza huidobrensis (De Santis, 1987), and I have 
seen an unidentified species from this host in 
Panama. H. circulus has been reared from L. sativae 
in Honduras (R. Cave, pers. comm.). 


PTEROMALINAE: Pteromalini. Most of the neotropical 
species belonging to this tribe are probably unde- 
scribed and several new genera await description. 
Most species are probably ectoparasitic idiobionts, 
although at least Stenomalina is known to be an 
endoparasitic koinobiont. Following are the genera 
that have been identified thus far from Costa Rica; 
many more are certainly present. 


Acaenacis (= Megatrydymus). Mainly holarctic; 
about 5 described species. Anterior tentorial pits 
evident. Biology: a North American species has 
been reared from cynipid twig galls and circum- 
stantial evidence suggests that a Costa Rican 
species has the same biology. Another species 
(in the USNM) has been reared from Inga 
(Leguminosae) in Panama. 


Alticornis. New World; two described species 
(Boucek, 1993b). Antennal scape extending well 
above vertex; male with thorn-like projections on 
face. Biology unknown. 


Anisopteromalus. Cosmopolitan; about 20 
described species, mainly in the Old World. Head 


and dorsum of mesosoma covered with dense 
decumbent hairs. Biology: the widespread A. calan- 
drae parasitizes beetle larvae associated with stored 
grain. An African species develops as an ectopara- 
sitoid of a curculionid in legume pods (Rasplus, 
1988). 


Arachnopteromalus. New World; one described 
species, A. dasys, which occurs from the United 
States south to Brazil. In Costa Rica it has been col- 
lected mostly from seasonally dry forests. Eyes, 
mesosoma and fore wing very setose. Biology: 
oviposits in egg sacs of uloborid spiders, including 
species of Uloborus, Octonoba and Philoponella, where 
the larvae develop as predators (Gordh, 1976b, 
1983). 


Callitula. Cosmopolitan; about 30 described 
species. Antennae inserted quite high on face, club 
pointed. Biology: parasitoids of Diptera, especially 
Agromyzidae and Chloropidae (e.g. Simmonds, 
1952) 


Catolaccus. Widespread. Antenna with six funicu- 
lar segments; gena concave. Biology: C. hunteri, a 
widespread parasitoid of Bruchidae and 
Curculionidae, has been found to occur in 
Guatemala; C. grandis parasitizes the boll weevil, 
Anthonomus grandis. 


Chrysoglyphe. New World. Biology: one species 
(which is only provisionally assigned to this genus 
and may not belong here) has been reared in 
Nicaragua from a drosophilid predator of tree-frog 
eggs (Gordh, 1977). The fly larva feeds on the eggs 
of Centrolenella fleishmanni which are stuck to the 
undersides of leaves. Oviposition by the parasitoid 
has not been observed but it may be into the 
drosophilid larva; emergence is from the puparium. 


Cryptoprymna. Widespread; less than 10 
described species. In Costa Rica it apparently only 
occurs above about 1600 metres. Clypeus edentate; 
antennal club with large area of micropilosity; 
pronotum carinate; petiole elongate, reticulate; 
tergite I large, hypopygium extending to apex of 
metasoma. A key to nearctic species was given by 
Heydon (1988). Biology: parasitoids of Syrphidae 
associated with Homoptera (Heydon, 1988). 


Cyrtogaster (= Polycystus; Heydon, 1989a). 
Primarily holarctic; about 40 described species. In 
Costa Rica species of this genus have only been 
found above 1500 metres. Clypeus with 3 symmet- 
rical teeth; pronotum carinate; petiole elongate with 
longitudinal carinae. A key to species is given in 
Heydon (1989a). Biology: solitary ectoparasitoids of 
dipterous pupae, especially those of leaf-miners and 
stem-borers (e.g. see Cameron, 1939). 


Dibrachys. Cosmopolitan, apparently most species- 
rich in the Holarctic; about a dozen described 
species. Postmarginal vein very short; occipital 
carina present. D. cavus is one of the most 
polyphagous of all Chalcidoidea, developing as a 
primary or secondary parasitoid on a range of insect 
orders and spider families (Burks in Krombein et al., 
1979) 


Euneura. Cosmopolitan; about 10 described 
species. In Costa Rica it occurs at all elevations. 
Similar to Pachyneuron but petiole is shorter. 
Biology: hyperparasitoids of aphids (Kamijo & 
Takada, 1983). 


Eurydinoteloides (=  Aeronea,  Protolaccus). 
Neotropics; less than 10 described species. Similar 
to Lyrcus but gena more concave. Biology: para- 
sitoids of syrphid pupae. 


Hansonita. Presumably neotropical; one described 
species (Bouček, 1993a). Although tentatively 
placed in the Pteromalinae, the relationships of this 
genus require further study (Z. Bouček, pers. 
comm. ). Biology: the type-species was reared from 
the figs of Ficus pertusa (Moraceae) collected at 
about 1300 metres. 


Heteroschema. New World; four described species, 
but many more undescribed. This is one of the most 
commonly collected pteromalids in Costa Rica. 
Antenna with five funicular segments; propodeum 
with a transverse carina, reticulate, extended poste- 
riorly. Biology: in northwestern Costa Rica, one 
species has been reared from a buprestid leaf-miner 
(Brachys sp.) on Gouania polygama (Rhamnaceae), 
and another from an unidentified agromyzid leaf- 
miner on Lantana camara (Verbenaceae) (Memmott 
et al., 1994). 


Lariophagus. Cosmopolitan; about 15 described 
species. Six funicular segments; postmarginal vein 
often short; dorsum of mesosoma flattened, black 
and densely reticulate. Biology: L. distinguendus is a 
cosmopolitan parasitoid of beetles associated with 
stored grain while L. texanus is a parasitoid of 
bruchid larvae and is commonly reared from seeds 
of Acacia farnesiana in Costa Rica. Details of the 
biology of an Old World species are given by Kashef 
(1956, 1959). 


Lyrcus (= Zatropis). New World; very speciose and 
one of the most commonly collected pteromalids in 
Costa Rica. Antenna usually with five, sometimes 
six, funicular segments; fore wing with a distinct 
row of admarginal setae on ventral side; head and 
mesosoma often with flattened white setae (Heydon 
& Boucek, 1992). Biology: mostly parasitoids of 
weevils and bruchids. 


Metastenus (= Scymnophagus). Cosmopolitan; less 
than 10 described species. Marginal vein enlarged; 
five funicular segments. Biology: ectoparasitoids of 
coccinellid pupae (Clausen, 1940b; Domenichini, 
1957; Ricci & De Santis, 1983). M. cryptognathae 
has been reared from Cryptognatha nodiceps in 
Trinidad and M. townsendi has been reared from 
Pentilia castanea in Colombia (specimen labels in 
USNM). 


Miristhma. New World; two described species 
(Boucek, 1993b). Propodeum extremely prolonged 
posteriorly. Biology unknown. 


Muscidifurax, Predominantly New World; one 
species cosmopolitan. One species, M. raptoroides, 
has been described from Costa Rica (Kogan & 
Legner, 1970). Marginal vein enlarged basally. 
Biology: solitary ectoparasitoids in puparia of 
calypterate Diptera. 


Nasonia. (= Mormoniella). Cosmopolitan; previ- 
ously thought to comprise just one species but 
now known to consist of three species, at least in 
North America (Darling & Werren, 1990). 
Postmarginal vein short; body sculpture very deli- 
cate; occipital carina present; pronotum carinate. 
Biology: gregarious ectoparasitoids in the puparia 
of calypterate Diptera; one of the best studied of all 
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Hymenoptera (see review in Whiting, 1967 and 
Godfray, 1994). 


Neocatolaccus. Most species-rich in the New World 
and Australia. Antenna with five funicular seg- 
ments; propodeum with transverse carina, not 
extended posteriorly; hind tibia with two apical 
spurs. Biology: mostly parasitoids of Curculionidae, 
although one North American species attacks 
Cerambycidae (Burks in Krombein et al., 1979). 


Norbanus. Cosmopolitan; about 20 described 
species. Body very robust; six funicular segments, 
club pointed. Biology: parasitoids of Curculionidae. 


Notoglyptus. Pantropical; about 10 described 
species, two of which, luteicrus and tzeltales, are 
known from Central America (Heydon, 1989b). 
Gena concave; notauli complete; petiole about as 
long as wide; tergite I large; hypopygium extending 
to the tip of the metasoma. Biology unknown. 


Pachycrepoideus. One cosmopolitan species (vin- 
demmiae) and two African species (Boucek, 1988). 
Marginal vein enlarged; antennae inserted low on 
face. Biology: ectoparasitoids in puparia of Diptera 
(Crandell, 1939). 


Pachyneuron. Cosmopolitan; about a dozen 
described species. In Costa Rica it occurs only above 
2500 metres. Marginal vein enlarged; antenna with 
six funicular segments. Biology: primary parasitoids 
of Syrphidae and secondary parasitoids in aphids. 


Polstonia. New World; two described species in the 
United States. In Costa Rica this genus seems only 
to occur at higher elevations. Gena concave, anten- 
nal club with terminal spine, petiole elongate and 
reticulate; tergites I and II subequal in length. Keys 
to the North American species are given by Heydon 
(1988). Biology unknown. 


Psilocera (= Lophocomodia). Cosmopolitan; about 
20 described species, with at least 15 species 
(mostly undescribed) in Costa Rica (very common 
at low altitudes but also present at mid altitudes). 
Antennal club enlarged and asymmetrical; gena 
concave. Biology: there is one record of a North 
American species from a case-building chrysomelid 


(Chlamisinae) larva (Burks in Krombein et al., 
1979): 


Pteromalus (= Habrocytus). Cosmopolitan; over 
100 species (Boucek, 1988). Biology: species of this 
genus have a diverse range of host associations. 
Some are gregarious endoparasitoids in the pupae 
of various large Lepidoptera (especially those of the 
Nymphaloidea), but other hosts include stem- 
nesting aculeates, stem-boring microlepidopterous, 
coleopterous, hymenopterous and dipterous larvae 
and various galls, especially those of Cynipini 
(Burks in Krombein et al., 1979). P. semotus has 
been reared from Sitotroga cerealella on sorghum in 
Honduras (specimens in Escuela Agrícola 
Panamericana). 


Schizonotus. Predominantly holarctic; a small 
genus represented by a single species in Costa Rica. 
Postmarginal vein short; frenal groove distinct. 
Biology: gregarious ectoparasitoids of chrysomelid 
pupae. 


Sphegigaster. Cosmopolitan; about 20 described 
species. Clypeus bidentate; notauli incomplete; 
petiole elongate; tergite I emarginate posteriorly. 
Biology: parasitoids of Agromyzidae (Cameron, 
1939). 


Syntomopus. Cosmopolitan; about a dozen 
described species. Mesosoma flattened dorso-ven- 
trally; pronotum rectangular; petiole elongate. 
Biology: parasitoids of stem-mining Agromyzidae, 
but stem-mining Lepidoptera and possibly also 
cynipids are used as hosts (Lange, 1944; Heydon, 
1993). 


Toxeumella. A mainly neotropical genus with one 
described species, T. albipes. Head with occipital 
carina, gena concave; notauli complete. Biology: 
hyperparasitoid of lepidopterous larvae via micro- 
gastrine braconids. 


Toxeumelloides. New World; two described species 
(Boucek, 1993b). Petiole elongate, narrower posteri- 
orly; gena concave. Biology unknown. 


Trichokaleva. Costa Rica to South America; one 
described species, T. microstigmi. In Costa Rica it 


occurs below 1000 metres. Eyes hairy and gena 
concave. Biology: reared from the nests of 
Microstigmus (Sphecidae) in Colombia (Boucek, 
119777221) 


SPALANGIINAE 


This subfamily comprises only two genera, the 
Sonoran Mexican genus Paraspalangia that was col- 
lected from intertidal algae (Yoshimoto, 1976b), and 
the cosmopolitan Spalangia. In Costa Rica members of 
this subfamily have been collected from sea-level up 
to 2100 metres. 


Spalangia. Between 25 and 50 described species. 
The world species of Spalangia were revised by 
Boucek (1963). Biology: solitary, idiobiont ectopara- 
sitoids of fly pupae (within puparia), especially those 
of Muscidae, Calliphoridae and Sarcophagidae, 
which occur in excrement, carrion, etc. Some 
species are also known to attack the pupae of 
Chloropidae and Drosophilidae (Richardson, 1913; 
Gerling & Legner, 1968). Because of their economic 
importance, the biologies of several species have 
been fairly intensively studied. In searching for 
hosts in excrement female Spalangia are capable of 
penetrating deeper than other parasitoids associated 
with this habitat. The female uses her ovipositor to 
differentiate between parasitized and unparasitized 
hosts (Wylie, 1972). In feeding, the larva makes 
over 100 incisions in surface of the host pupa, espe- 
cially on the dorsal surface of the abdomen. 


11.15 .SIGNIPHORIDAR 


Paul E. Hanson 


Diagnosis. About 0.5 to 2.0 mm in length, robust; 
usually fully-winged, rarely brachypterous; colour 
varying from completely black to almost completely 
yellowish orange. Antenna inserted at or a little above 
mouth margin; 4- to 7-segmented, flagellum composed 
of 1-4 anelli and a long unsegmented club. Mesoscutum 
without notauli; scutellum strongly transverse with 
anterior and posterior margins subparallel; axillae not 
distinctly marked off from scutellum, the two together 
forming a transverse band; propodeum with a characteris- 
tic large triangular median area, delimited by two lateral 
sulci. Fore and hind wings with well-developed mar- 


Fig. 11.160. Signiphora sp. (Signiphoridae). 


ginal setae, but without microtrichiae (except for very 
few large setae that occur in characteristic locations); 
fore wing with marginal vein quite long (about as 
long as submarginal vein), postmarginal and stigmal 
veins not developed or extremely short. Middle femur 
with at least one long spine on antero-ventral margin; 
middle tibia often with long spines on dorsal margin; 
tarsi 5-segmented. Metasoma sessile; ovipositor 
usually hidden. 


Classification and distribution. The Signiphoridae 
(previously called the Thysanidae) is a small family 
containing about 100 species in four genera (Woolley, 
1988). It is a cosmopolitan group that is most species- 
rich in the Neotropical Region. The Signiphoridae 
appears to be related to the Aphelinidae and a sister- 
group relationship between it and azotine aphelinids is 
suggested by at least one synapomorphy—the presence 


of anterior apodemes on metasomal sternites III - VI. 
These appear to be absent in all other Chalcidoidea 
(Woolley, 1988). Such a relationship would make the 
Aphelinidae paraphyletic with respect to Signiphoridae, 
and is an argument for including the latter within the 
former family. 


Biology. Signiphorids are most commonly para- 
sitoids of sternorrhynchous Homoptera, especially 
scale-insects (Coccoidea) and white-flies (Aleyrodidae), 
but also Aphidoidea and Psylloidea. Other signiphorids 
are known to parasitize larvae or pupae of Diptera, 
especially those that are in some way associated with 
these homopterans (e.g. Chamaemyiidae and 
Drosophilidae). Most signiphorids are thought to be 
solitary endoparasitoids (apparently idiobionts), but at 
least some species of Signiphora at least complete 
development as ectoparasitoids (Matta, 1979) and 


Chartocerus elongatus develops as a gregarious ectopar- 
asitoid (Clausen, 1924). Although some signiphorids, 
such as S. borinquensis and S. flavella which attack 
Diaspididae (DeBach et al., 1958), are primary para- 
sitoids, many that attack homopterans are hyperpara- 
sitic via other chalcidoids or platygastrids. These 
attack mature larvae, pupae, or even newly trans- 
formed adult wasps. Among species occurring in 
Central America Signiphora aleyrodis and S. townsendi 
are obligate hyperparasitoids in Aleyrodidae (Woolley 
& Vet, 1981), S. flavopalliata is an obligate hyperpara- 
sitoid in Diaspididae (DeBach, 1953) and Chartocerus 
elongatus is an obligate hyperparasitoid in 
Pseudococcidae (Clausen, 1924). 

One of the best studied species is Signiphora borin- 
quensis, which is a primary parasitoid of diaspidids, 
having been originally reared from the coconut scale 
(Aspidiotus destructor) on banana (Quezada et al., 
1973). This species is thelytokous, the normal produc- 
tion of males being less than one percent (except at 
very high temperatures). Although newly emerged 
females have about six eggs ready for oviposition, 
host-feeding generally occurs first, and is accom- 
plished via a feeding tube. This feeding, if done by a 
single parasitoid, does not kill the host. Oviposition 
follows and, under optimal conditions, about three 
quarters of the total number of eggs (average of 25) 
are laid in the first week of the parasitoid's life. 
Oosorption can occur under suboptimal conditions. 
The first instar larva is hymenopteriform with four 
pairs of spiracles, one on the mesothoracic segment 
and one on each of the first three abdominal seg- 
ments. The first two larval instars of S. borinquensis 
are endoparasitic, feeding mostly on the host's eggs, 
whereas the last two instars are ectoparasitic. 
Pupation takes place outside the body of the host but 
under the scale covering. 

The female of S. coquilletti, after ovipositing in a 
whitefly, spins a web over the host (Woolley & Vet, 
1981), the significance of which requires further study. 


Economic importance. Signiphorids have rarely 
been used in classical biological control, probably 
because many of the species are obligate hyperpara- 
sitoids. In Central America S. aleyrodidis is occasion- 
ally reared as a hyperparasitoid of Bemisia tabaci 
(Aleyrodidae), attacking aphelinid primary parasitoids. 
However, it is doubtful whether this signiphorid has 


Signiphoridae —— ` 


any significant effect on the populations of the 
primary parasitoids. 


Identification. Keys to the genera of Signiphoridae 
and to the species-groups of Signiphora are given in 
Woolley (1988), from which the following key is 
adapted. 


Key to genera of Signiphoridae 


1 . Fore leg with tibial calcar bearing a comb of fine 
setae (Fig. 11.161); propodeum with lamelli- 
form process posteriorly (Fig. 11.162); 
antenna of female usually with three or fewer 
A A A Signiphora 
— Fore leg with tibial calcar without comb of fine 
setae; propodeum without lamelliform process 
posteriorly; antenna of female with four anelli. 


2 Fore wing with more than five setae present on 
marginal vein (Fig. 11.163); mid leg with 
femur bearing three or four long spines. .......... 
TE MD. cocco ento nando Chartocerus 

— Fore wing with five or fewer setae present on 
marginal vein; mid leg with femur usually 
bearing 1 long spine (rarely more). .............. S 


3 Head prognathous, subrectangular in dorsal view 
(Fig. 11.164); antenna of female with four 
anelli, of male with three; mid tibia subcylin- 
drical and without long spines on dorsal 
O ee rere eer nies Clytina 

— Head hypognathous and generally circular in 
dorsal or frontal view; antennae of both sexes 
with four anelli; mid tibia widening apically 
and bearing long spines on dorsal surface. ....... 
AE Thysanus 


Synopsis of the Costa Rican fauna 


All four genera of Signiphoridae are present in 
Costa Rica where the family is represented by at 
least 10 species, occurring from sea-level up to 
2100 metres. 
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Chartocerus. Cosmopolitan, about 30 species. 
Biology: secondary parasitoids of Pseudococcidae, 
Coccidae, Psylloidea and Aphidoidea though some 
are primary parasitoids of larvae or pupae of 
chamaemyiids that prey on mealybugs. 


Thysanus. This genus comprises about a dozen 
species, one cosmopolitan, one from South Africa 
and the rest in the New World. Biology: Thysanus 
species have been reared from Diaspididae, possibly 
as secondary parasitoids. 


Clytina. This genus comprises two species, one in 
the Palaearctic and one undescribed species from 
Costa Rica. Biology: The palaearctic species is a pupal 
parasitoid of Chloropidae (Diptera) (Erdös, 1957). 


Signiphora. This genus comprises about 50 species, 
classified in four species-groups (Woolley, 1988): 


METANOTUM 


LATERAL SCLERITE 
OF PROPODEUM 


TERGITE 1 


Figs 11.161-11.164. Signiphoridae. Figs 11.161-11.162. Signiphora sp.; 11.161, calcar of fore leg; 11.162, propodeal region. 
Fig. 11.163. Chartocerus sp., basal part of fore wing. Fig. 11.164. Clytina sp., head. 


The flavopalliata species-group. Two species 
in this group are cosmopolitan, three Australian 
and the rest occur in the New World. Biology: 
primary or secondary parasitoids of Diaspididae, 
or secondary parasitoids of Aleyrodidae. All of the 
species of Signiphora discussed above, under 
‘Biology’, belong to this group. 


The bifasciata species-group. A predominantly 
neotropical group. Biology: reared mostly from 
Coccidae, Pseudococcidae and Psylloidea. 


The dipterophaga species-group. A predomi- 
nantly neotropical group. Biology: reared from 
Diaspididae, pupae of drosophilid predators of 
Pseudococcidae and from Tachinidae. 


The coleoptratus species-group**. This group 
comprises two rare neotropical species in the 


Caribbean and northern South America. Biology: 
reared from mealybugs, possibly as secondary 
parasitoids. 


John LaSalle 


Diagnosis. 
usually black to brown or yellow, rarely metallic. 
Head almost always wider than high, clypeus bilobed; 


Body length 0.7 to 3.8 mm long, robust; 


E 


antenna with two anelli and six funicular segments 
(rarely three anelli and five funicular segments), male 
funicle sometimes branched. Prepectus large, distinctly 
swollen and rounded anteriorly (Fig. 11.166), easily 
visible in dorsal view as prominent ‘shoulders’ at the side 
of the mesosoma (Fig. 11.167); notauli present, 
sinuate, usually converging or meeting at the midline 
of the mesoscutum (Fig. 11.167); mesoscutum and 
scutellum joined by a flexible membrane; mesopleuron 
large, convex, longer than high (Fig. 11.166). Mid 
coxa large, subspherical, attached near posterior 
margin of mesopleuron; mid tibia with large spur 


Fig. 11.165. Tanaostigma coursetiae (Tanaostigmatidae). 
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Figs 11.166-11.169. Tanaostigmodes sp.; 11.166, mesosoma, lateral view; 11.167, mesosoma, dorsal view; 11.168, middle 


tarsus; 11.169, middle basitarsus. 


mbt = basitarsus; mp = mesopleuron; ms = mesoscutum; mts = tibial spur; no = notaulus; pp = prepectus; ps = peg-like spine. 


(Fig. 11.169). Fore wing with marginal vein longer 
than postmarginal and stigmal veins. 


Classification and distribution. Tanaostigmatids 
are a small group, and species are not often encoun- 
tered by the general collector. They are found 
throughout the tropical, and in some cases subtropi- 
cal, regions of the world, but are most abundant in 
the Neotropics. There are seven genera: four 
restricted to the New World, two to the Old World, 
and Tanaostigmodes which occurs in the New World 
and in Australasia (LaSalle, 1987; Boucek, 1988). 
There are 88 described species, of which 74 are 
from the New World, where they range from the 
southern United States to northern Argentina 
(LaSalle, 1987). 


Tanaostigmatids are related to Encyrtidae and 
Eupelmidae, all of which have a swollen, convex 
mesopleuron (Fig. 11.166), and the mid leg with a 
large tibial spur and a row of peg-like spines on the 
basitarsus (Figs 11.168, 11.169). Tanaostigmatids 
have been traditionally treated as more closely related 
to Eupelmidae than Encyrtidae, and have occasionally 
been placed as a subfamily of the Eupelmidae. 
However, they are now considered as more closely 
related to the Encyrtidae than Eupelmidae (LaSalle, 
1987; Gibson, 1989). Differences between encyrtids 
and tanaostigmatids are given by LaSalle and Noyes 
(1985), and LaSalle (1987). 

The Tanaostigmatidae is a well-defined family, with 
one exception. The Japanese genus Cynipencyrtus was 
transferred to the Tanaostigmatidae by LaSalle and 


Noyes (1985), but not all authors are convinced it 
belongs here (Gibson, 1989). 


Biology. Most tanaostigmatids are apparently phy- 
tophagous, usually either gall-formers or as inquilines 
in the galls of other insects. Most are associated with 
woody shrubs and trees in the family Leguminosae, 
although other host plants are known (e.g. 
Polygonaceae). Some species of Tanaostigmodes are 
apparently phytophagous in the seeds of leguminous 
plants. For example, the Indian species Tanaostigmodes 
cajaninae infests seeds of pigeon pea (Cajanus cajan) as 
well as several other legumes (Lateef et al., 1985), and 
in the New World T. haematoxyli attacks the seeds of 
Haematoxylon. The Japanese Cynipencyrtus is a para- 
sitoid in galls formed by Cynipidae. 

It has generally been assumed that tanaostigmatids 
initiate gall formation, but it now appears that 
inquilinism may be more common than previously 
suspected. In Brazil Tanaostigmodes fernandesi has been 
reported as an  inquiline in an Anadiplosis 
(Cecidomyiidae) gall on Machaerium aculeatum 
(Leguminosae) (Fernandes et al., 1987; LaSalle, 
1987). Galls that contained the tanaostigmatid were 
larger, and of a different shape and consistency, than 
the normal cecidomyiid gall. The cecidomyiid larvae 
were never found in galls with T. fernandesi, and it was 
presumed that they were killed by the inquiline larva 
which then took over the gall. In Costa Rica, 
Tanaostigma coursetiae has been reared as an inquiline 
from galls of Euphalerus certus (Psyllidae) on 
Lonchocarpus atropurpureus (Leguminosae) (P. Hanson, 
pers. comm.). 


Economic importance. Only one case of an eco- 
nomically important tanaostigmatid is known from 
the New World. Dozier (1932) reported on the biology 
of Tanaostigmodes haematoxyli, which was at that time 
a severe pest infesting seeds of logwood, Haematoxylon 
campechianum (Leguminosae) in Haiti. Logwood, or 
‘campeche’, is used in the dye industry, and was also 
the chief honey plant on the island at that time. T. 
haematoxyli caused such extensive damage to seed 
pods that in some areas it prevented natural re- 
seeding of this tree. 


Identification. The New World- species of 
Tanaostigmatidae were revised by LaSalle (1987), 
who included keys to all genera and species. The key 


below is based on this work but excludes Minapis, 
which is only known from Argentina. 


Key to genera of Tanaostigmatidae occur- 
ring in Central America 


1l Large flattened white setae present on head 
and/or mesosoma or if such setae are absent 
then all funicular segments distinctly wider 
than long and stigmal vein is slender, straight 
or only slightly curved and more or less per- 
pendicular to postmarginal vein. . Tanaostigma 

— Without large flattened white setae; funicular 
segments not all distinctly wider than long; 
stigmal vein various, if straight and perpendic- 
ular to postmarginal vein then stigma dis- 
A eR p 


2 Face and frons without large setiferous punc- 
EULESS eee eT Tanaostigmodes (most) 
— Face and frons with large setiferous punctures. ... 


3 Propodeum with strong median carina and very 
strong plicae which converge and meet medi- 
ally before posterior margin of propodeum....... 
ca Microprobolos 

—  Propodeum not as above, if plicae present then 
they are parallel and do not meet medially... 4 


4  Interantennal projection present and prominent; 
antenna with funicle segments 1 to 5, and 
usually also 6, distinctly longer than wide. ...... 
SOCIO Tanaoneura 

— Either with interantennal projection very small 
or absent, or with at least several funicular 
segments not distinctly longer than wide. ........ 
P co HET caco hono dco Tanaostigmodes (few) 


Synopsis of the Costa Rican fauna 


LaSalle (1987) recorded ten species in the four genera 
present in southern Central America (Nicaragua to 
Panama), but the recent collecting programme in 
Costa Rica has yielded several new species and there 
are perhaps between 25 and 50 species in the region. 


They occur primarily at low to mid altitude sites, from coursetiae has been found in psyllid galls on 
sea-level up to about 1500 metres. Lonchocarpus (Leguminosae). 


Microprobolos. This genus comprises a single 
described species, M. titan, which occurs from 
Mexico south to Brazil, and has been collected in 
lowland forest on the Pacific coast of Costa Rica. 
Biology: host-plant is unknown. 

Tanaoneura. A genus comprising 11 described 
species, four of which are present in Central 
America: T. darwini, T. hirticoxa, T. portoricensis and 
T. smicropleura. Recent extensive sampling has 
yielded several undescribed species. Biology: T. hirti- 
coxa and T. smicropleura in galls on Inga; T. portori- 
censis in seed galls on Inga (Leguminosae). 


Tanaostigma. A genus comprising 11 described 
species, two of which are present in Central 
America: T. coursetiae and T. impilum. Biology: T. 


Tanaostigmodes. A genus with about 50 described 

species, 45 of which occur in the New World. Three 

described species are present in Central America: T. 

aulafrons, T. basilaris and T. gracilis, but recent sam- 

pling has yielded several undescribed species. 

Biology: T. basilaris has been reared from seeds of 
. Triplaris (Polygonaceae). 


11.17 TETRACAMPIDAE ' 


Paul E. Hanson 


Diagnosis. Body length 0.8 to 3.3 mm; mostly 
metallic green. Antenna 12-segmented in most species, 
often including one anellus and usually six funicular seg- 
ments (rarely five or seven); clava sometimes undi- 


Fig. 11.170. Epiclerus sp. (Tetracampidae). 


vided. Pronotum long, from three-quarters as long as 
to longer than mesoscutum, rounded without promi- 
nent anterior corner; notauli complete; scutellum 
often with two pairs of long bristles; propodeum usually 
setose medially or submedially. Fore wing usually very 
setose (at least in New World species); marginal vein 
relatively long. Tarsi 5-segmented in females, 4-seg- 
mented in males (male tarsi 5-segmented in one hol- 
arctic genus); fore tibial spur small and nearly straight. 
Metasoma with a short petiole; hind edge of basal 
tergite strongly invaginated. 


Classification and distribution. The Tetra- 
campidae is a small family whose relationships are 
poorly understood, but in some features it is interme- 
diate between the Eulophidae and Pteromalidae. 
Worldwide there are about 50 species and 14 genera, 
which have been classified in three subfamilies. The 
subfamily Mongolocampinae, comprising three genera 
from the Eastern Palaearctic Region, is placed in 
Tetracampidae by Sugonjaev (1971), but Boucek 
(1988) suggested that this subfamily is closer to 
Aphelinidae. Species of Platynocheilinae, which con- 
tains just one holarctic genus, have the base of the 
fore wing bare, the marginal vein in males very 
swollen and five tarsal segments in both sexes. 
Tetracampinae, which is cosmopolitan and contains 
the remaining ten genera, have the base of the fore 
wing densely setose and the males with 4-segmented 
tarsi. In the Tetracampinae only Epiclerus and 
Dipriocampe have been reported from the New World, 
and the latter appears to be restricted to North 
America. 


Biology. The biologies of most species of 
Tetracampidae are unknown, but the few host records 
that are available suggest they attack leaf-miners and 
eggs. Species of  Epiclerus are recorded from 
Agromyzidae. Other tetracampids are endoparasitoids 
in insect eggs: Dipriocampe in eggs of Diprionidae, and 
Foersterella and Cassidocida from eggs of cassidine 
Chrysomelidae (Nakamura & Abbas, 1987). 


Identification. Boucek and Askew (1968) provided 
a list of the world species, but the group was known 
only from the Old World at that time. Yoshimoto 
(1978) subsequently described two species of Epiclerus 
from the New World (one from North America and 
one from Cuba), and Bouček (19935) has recently 


described two species, one Epiclerus and one 


Platynocheilus, from Canada. 


Synopsis of the Costa Rican fauna 


Only Epiclerus is known from Costa Rica (400-2100 
m altitude), but Dipriocampe could possibly occur in 
northern Central America, in pine forests where its 
diprionid hosts are present. Epiclerus is distinguished 
from other tetracampids by its elongate petiole and 
very setose propodeum. 


Epiclerus. This genus appears to be nearly cos- 
mopolitan in distribution although it has not yet 
been reported from South America. A single species 
is known from Costa Rica. 


Paul E. Hanson 


Diagnosis. Body length usually 1.0 to 7.5 mm 
(excluding ovipositor); mostly metallic green or blue, 
but sometimes entirely yellow; surface sculpture quite 
weak; always fully winged except in males of some 
species in figs. Antenna 13-segmented, usually with 
one anellus and seven funicular segments, rarely with 
two or three anelli; posterior margin of gena not cari- 
nate; back of head usually with horseshoe-like occipi- 
tal carina. Mesoscutum with notauli complete, but 
sometimes shallow. Fore wing usually with marginal 
vein quite long, and with postmarginal and stigmal veins 
very short, the stigmal vein often sessile, except in 
Megastigminae where it is enlarged and circular. Hind 
coxa often much larger than other coxae; tarsi 5-seg- 
mented. Metasoma rarely broadly attached to the 
propodeum, first tergite (petiole) usually concealed but 
occasionally distinct; tergite IX very reduced, cerci 
elongate, almost peg-like; female with ovipositor always 
extending beyond apex of metasoma and sometimes 
longer than the body. 


Classification and distribution. The Torymidae is 
a moderate sized family, containing 84 genera and 
about 1000 species world-wide. Previously, groups 
such as Ormyridae, Sycophaginae (= Idarninae) and 
even Agaoninae were included within the family, but 
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Fig. 11.171. Podagrion sp. (Torymidae). 


recently (Boucek, 1988) redefined the Torymidae in a 
more restricted way. As currently defined the 
Torymidae (sensu Boucek) comprises four subfami- 
lies—Thaumatoryminae, Toryminae, Megastigminae 
and Monodontomerinae. The first of these is only 
known only to occur in the Mediterranean region 
whilst the other three subfamilies are more or less cos- 
mopolitan in distribution. 

The Megastigminae is most diverse in the 
Australasian region (Boucek, 1988), and only the cos- 
mopolitan genus Megastigmus is present in the New 
World. The Monodontomerinae is divided into five 
tribes (Boucek, 1978b, 1988)—Erimerini (North 
America), Chrysochalcissini (Palaeotropical), Mono- 


dontomerini (cosmopolitan), Palachiini (mostly 
palaeotropical, but also known from the Dominican 
Republic and Tobago in the Neotropics) and 
Podagrionini (cosmopolitan). The Toryminae is 
divided into two tribes, the Odopoiini comprising just 
one palaeotropical genus, and the cosmopolitan 
Torymini (Boucek, 1988). 


Biology. The family Torymidae comprises species 
with a very diverse spectrum of biological habits, 
ranging from phytophages to carnivores. The former 
are mostly seed feeders, while the majority of carnivo- 
rous species are probably solitary, ectoparasitic idio- 
bionts, several of which are facultatively hyperparasitic. 


A brief summary of the host relationships of genera 
that occur in Central America is given in Table 11.15. 


Most phytophagous torymids belong to the 
Megastigminae. Although a few Old World species of 
Megastigmus are parasitoids in plant galls (Noble, 
1938), the larvae of most species (including all New 
World species, as far as is known) feed on the highly 
nutritious tissue in developing seeds (Milliron, 1949; 
Hussey, 1955; see Chapter 2.3). Most are restricted to 
a single plant genus, with the known  host- 
plants including various conifers, Anacardiaceae, 
Aquifoliaceae (Grissell, 1989), arborescent Rosaceae 
and a few others (Lessmann, 1962). In Costa Rica 
Megastigmus has recently been found developing in 
seeds of Symplocos (Symplocaceae) (Hanson, in prep.). 
As in the North Temperate zone (e.g. Annila, 1982), 
fully developed larvae appear to diapause within the 
seeds for variable periods of time. Outside the 
Megastigminae, a few species of Old World Torymus 
are known to be phytophagous in seeds of various 
arborescent Rosaceae. 

Among the carnivorous torymids most species are 
presumably solitary idiobiont ectoparasitoids. The 
biology of Podagrionini is very uniform in that all 
known species attack mantid eggs in their oothecae. 
The podagrionine larva feeds inside the egg case and 
both ectoparasitic and endoparasitic habits have been 
reported. The female wasps are sometimes phoretic on 


Torymid taxon 


MEGASTIGMINAE 
Megastigmus 


MONODONTOMERINAE 
Liodontomerus 
Monodontomerus 
Pachytomoides 

Podagrion 

Torymoides 
Zaglyptonotus 


TORYMINAE 
Diomorus 
Physothorax 
Torymus 

T. (Nannocerus) 


the adult female mantid, thus ensuring that they have 
access to freshly deposited eggs, which they must 
reach before the froth of the ootheca hardens 
(Bordage, 1913). The mating behaviour of one, 
Podagrion mantis, was described by Grissell and 
Goodpasture (1981). 

Within the Monodontomerini species of 
Monodontomerus parasitize various lepidopterous and 
hymenopterous hosts. Specific host records from the 
Neotropics include M. cubensis from Leucophobetron 
argentiflua (Limacodidae), M. mexicanus from 
Trypoxylon mexicanus (Sphecidae), and M. schrottkyi 
from eumenine Vespidae (De Santis, 1979). 
Monodontomerines attacking sphecid and eumenine 
wasps probably have biologies similar to species that 
parasitize solitary bees (see Eves, 1970). The holarctic 
species, M. aereus, is somewhat unusual in that it is a 
gregarious endoparasitoid of lymantriid pupae, but it 
can also develop as a hyperparasitoid. In the latter 
instance it feeds externally on the ichneumonoid or 
tachinid primary parasitoid, unless the tachinid 
puparium happens to be very fresh, in which case M. 
aereus will develop endophagously (Muesebeck, 1931). 
Species of the South American genus Perissocentrus 
also attack lepidopterous pupae and can be faculta- 
tively hyperparasitic (Grissell, 1992). 

In the Toryminae all species of the genus 
Physothorax and the subgenus Nannocerus (genus 


Host range 


seed-feeders 


parasitoids of Bruchophagus (Eurytomidae) 
parasitoids of Lepidoptera or Hymenoptera 
parasitoids of mantid eggs 


parasitoids of mantid eggs 
parasitoids in cecidomyiid galls 
parasitoids of Bruchidae 


parasitoids of sphecids in twigs 
associated with figs 
parasitoids in galls 
associated with figs 


Table 11.15. The host relationships of torymid genera occurring in 
Central America. Data from De Santis, 1979; Grissell in Krombein 


et al., 1979; Grissell, 1992. 


Torymus) are strictly associated with figs, but very 
little is known about the nature of this association. In 
Costa Rica I have reared two different species of 
Physothorax from the same species of Ficus, and on 
the other hand, the same Physothorax species from 
more than one fig species. The wasps appear to 
emerge from enlarged ovary galls that are presumably 
caused by non-pollinating Agaonidae. In Florida a 
species of Physothorax has been reported as a para- 
sitoid of cecidomyiid larvae that form galls on the 
inner wall of the syconium (Boucek, 1993a). The 
much smaller size of Nannocerus suggests that their 
biology differs from that of Physothorax. In both 
groups of fig-inhabiting torymids the males may be 
winged or wingless, as in many non-pollinating 
Agaonidae (see Chapter 11.1). 

The vast majority of Torymus species are associated 
with various types of plant galls (Grissell, 1976). In 
Costa Rica they have been reared from galls induced 
by Cecidomyiidae, Cynipidae and Lepidoptera, but 
they are rarely encountered in galls formed by 
Psylloidea (Homoptera). Most Torymus species are soli- 
tary, ectophagous idiobionts and several may be facul- 
tatively hyperparasitic. Some may feed partially or 
even entirely upon the gall tissue as inquilines 
(Askew, 1961a, 1965). A few species of Torymus are 
associated with hosts other than gall-formers. For 
example, in Europe one species has been observed to 
be a hyperparasitoid developing ectophagously on a 
pteromalid parasitoid of beetle larvae in seed pods. 
This seemed to be obligate hyperparasitism as the 
torymid was never observed as a primary parasitoid of 
the beetle larva (Parnell, 1964a). 

Torymids lay kidney-shaped to very elongate ovoid 
eggs in, on, or near the food source (Askew, 1966; 
Skrzypczynska, 1978). The eggs of Monodontomerus 
bear numerous minute recurved spines (Muesebeck, 
1931). The larvae are hymenopteriform, and their 
cuticle bears setae, which are most conspicuous in 
parasitic species (Varley, 1937; Danks, 1971a & b; 
Askew & Ruse, 1974) but less so in phytophagous 
species (Hussey, 1955; Askew, 1966). The female 
pupa has the ovipositor externally visible and bent 
over its dorsum (Skrzypczynska, 1978). 


Economic importance. Some of the northern tem- 
perate species of Megastigmus that attack conifer seeds 
are minor pests (Skrzypczynska, 1978). Among the 
parasitic torymids very few have been employed in 


biological control, probably because their hosts are 
seldom economically important pests. 


Identification. Keys to torymid genera are available 
for Australasia (Boucek, 1988) and North America 
(Grissell, in prep.). The following key should permit 
identification of genera occurring in Central America 
(excluding Mexico). Neopalachia (Monodontomerinae: 
Palachiini) is known from the Caribbean and in the 
following key it would key out to Podagrionini, but 
can be separated by the apex of the hind tibia being 
truncate (not prolonged into a spur). Perissocentrus, 
which is known from Colombia, has long hind tibial 
spurs situated distinctly before the tibial apex, whereas 
in Zaglyptonotus the spurs are inserted on the apex of 
the tibia (Grissell, 1992). Also not included in the key 
is the tribe Erimerini, which can be distinguished from 
other torymids by having the hind tibia with only one 
apical spur. 


Key to genera of Torymidae present in 
Central America 


(For wingless males of species associated with figs see 
key in Chapter 11.1) 


1 Macropterous, fore wing with stigmal vein 
enlarged and knob-like (Fig. 11.172); body 
entirely yellow, without any metallic sheen..... 
SEAT ITAM (Megastigminae).... Megastigmus 

—  Macropterous (rarely apterous), fore wing with 
stigmal vein not enlarged; body usually with 
atileastisomeimetallicisheen e s 2 


2 Hind femur distinctly enlarged and bearing at 
least three large teeth on ventral edge; hind 

tibia distinctly curved. (Fig. 11.171)................. 

MOR iss ee ((:Bodaesionim)ete 2 

— Hind femur not greatly enlarged, not distinctly 
toothed, or at most with two teeth, or some- 
timesiíinely serrate beneath, ...eoe rere 4 


3 Antenna with first flagellar segment as long as 
wide (i.e. not ring-like), clava very elongate 
(Fig. 11.173); metasternum (between hind 
coxae) with two submedian carinae, and at 
narrowest point narrower than diameter of 
coxal cavity (Fig. 11.175). ........ Pachytomoides 


10 


Antenna with first flagellar segment wider than 
long (i.e. ring-like), clava usually less elongate 
(Fig. 11.174); metasternum with a single 
median carina, and at narrowest point about 


equal to diameter of  coxal cavity 
uU TEM T) ean Podagrion 


Groove between mesopleuron and metapleuron 
strongly sinuate, the metapleuron forming a 
distinct lobe (Fig. 11.177). ...(Toryminae).... 5 

Groove between mesopleuron and metapleuron 


virtually straigBtf(Fig. 11.178). nerin 
VOS PRA (Monodontomerini)................. 8 
Hind femur without teeth. ..................... Torymus 
Hind femur with one or more’ teeth 
(ioral EO) SE. comets. eue RT 6 
Hind femur with at least two teeth 
(Fig. 11.179); mesoscutum often with coarse 
¡ACME OMNINO Physothorax 
Hind femur with only one tooth; mesoscutum 
usually without coarse punctures. ............... 7 


Propodeum smooth; ovipositor usually longer 
DlrambOdy e .cssseccsssscceseess Torymus (Nannocerus) 
Propodeum roughly sculptured;  ovipositor 
usuallysshonter than body.........-...— ea 
ee eee er Diomorus (+ a few Torymus) 


Hind femur with a broad conspicuous tooth; 
scutellum with a distinct transverse (frenal) 


groove (Fig. 11.180). ............ Monodontomerus 
Hind femur without a tooth; scutellum without a 
ER ATMISVEESCRCLOOVE co a A 9 


Antenna with one anellus and seven funicular 
segments; apex of hind tibia with longest spur 
nearly equal to length of first tarsal segment 
(Ie, TM. IA doro EUER Zaglyptonotus 

Antenna with two anelli and six funicular seg- 
ments; apex of hind tibia with longest spur 
much shorter than length of first tarsal 
seemeni e e E 10 


Head with occipital carina (as in Fig. 11.180)..... 
Torymoides 


or errr reer eee rr 92 12. 


— Head without evident occipital carina. ................ 
OOOO eee Liodontomerus 


Synopsis of the Costa Rican fauna 


Three subfamilies of Torymidae are present in Central 
America. Two tribes of Monodontomerinae are 
presently known from the region, but it is possible 
that one or two other tribes may eventually be 
found—Erimerini is present in North America and 
Palachiini is known from the Dominican Republic and 
Tobago. Within Costa Rica species of Torymidae have 
been collected at all altitudes. Ten genera are known 
or expected to occur in Costa Rica and these appear to 
be represented by between 50 and 100 species, the 
majority of which belong to Torymus or Podagrion. 


MEGASTIGMINAE 


Only one genus is known to occur in the New World. 
As far as is known all the New World species are phy- 
tophagous. 


Megastigmus“, A cosmopolitan genus previously 
unreported from the Neotropics. At least two or 
three species have been found at all altitudes in 
Costa Rica. A key to the nearctic species of 
Megastigmus was provided by Milliron (1949), 
Biology: Costa Rican species have been reared from 
seeds of Ilex (Aquifoliaceae) and Symplocos 
(Symplocaceae), and in Mexico M. albifrons has 
been found attacking seeds of Pinus (Pinaceae) 
(Yoshimoto, 1979; Grissell, 1985). An introduced 
species has been reported on Schinus terebinthifolius 
(Anacardiaceae) in Florida (Habeck et al., 1989). 


MONODONTOMERINAE 


MONODONTOMERINAE: Monodontomerini. This tribe is 
infrequently collected in Costa Rica. 


Liodontomerus™*. Primarily a holarctic genus, 
where it is represented by about 15 species, with a 
few isolated records from the Neotropics. Biology: 
North American Liodontomerus species are para- 
sitoids of Bruchophagus species (Eurytomidae) in 
leguminous seeds (Grissell in Krombein et al., 1979). 


Monodontomerus. Primarily a holarctic genus 
comprising 20 to 30 species. Three species are 
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172 


174 


176 175 


OCCIPITAL 
CARINA 


179 


FRENAL 
GROOVE 


Figs 11.172-11.181. Torymidae. Fig. 11.172. Megastigmus, fore wing. Figs 11.173-11.176. Podagrionini; 11.173, 
Pachytomoides sp., antenna; 11.174, Podagrion sp., antenna; 11.175, Pachytomoides sp., metasternum; 11.176, Podagrion sp., 
metasternum. Figs 11.177-11.178. Mesosoma, lateral; 11.177, Torymus sp.; 11.178, Monodontomerus sp. Fig. 11.179. Physothorax 
sp., hind leg. Fig. 11.180. Monodontomerus sp., dorsal view of head and mesosoma. Fig. 11.181. Zaglyptonotus sp., hind leg. 


known from South America (De Santis, 1979) and 
at least two species occur in mid altitude sites (800- 
2000 m) in Costa Rica. Biology: in Honduras M. 
viridiscapus has been reared from Spodoptera 
(Noctuidae) (specimen label data, Zamorano, 
Honduras) while in North America Monodontomerus 
species are recorded as primary or secondary para- 
sitoids of macrolepidopteran and symphytan larvae, 
and as parasitoids in the nests of sphecids and bees 
(Grissell in Krombein et al., 1979). 


Torymoides (= Dimeromicrus). A cosmopolitan 
genus comprising 30 to 40 species. It is represented 
in Costa Rica by T. cecidomyiae (yellow body, green 
head). Biology: T. cecidomyiae has been reared from 
a stem gall on Psidium guineense (Myrtaceae) and 
from a cecidomyiid leaf gall on mangrove 
(Rhizophoraceae). 


Zaglyptonotus®®. A genus known from just two 
North American species (Grissell in Krombein et al., 
1979). In Costa Rica the genus has only been taken 
from the seasonally dry forests in the northwestern 
part of the country, which may represent the south- 
ern limit of its distribution. Biology: North 
American species have been reared from the imma- 
ture stages of various holometabolous insects living 
in concealment—Curculionidae, Gelechiidae and 
Tephritidae (Grissell in Krombein et al., 1979). 


MONODONTOMERINAE: Podagrionini. In contrast to the 
Monodontomerini, species of this tribe are commonly 
collected, although they appear to be absent at altitudes 
above about 1500 metres. All known species of 
Podagrionini develop on mantid eggs in an ootheca. 
Keys to the nearctic species are given by Grissell and 
Goodpasture (1981). 


Pachytomoides. This genus occurs in warmer 
regions of the world and comprises about 20 
species. 


Podagrion. This genus occurs in warmer regions of 
the world and is represented by about 60 species. 


TORYMINAE 

Three genera of this subfamily are known to occur in 
Central America, although one has not yet been col- 
lected in Costa Rica. 


 Trchogrummatidae == 883, 


Diomorus**. A cosmopolitan genus comprising 
fewer than ten species. One is reported from 
Guatemala (De Santis, 1979). Biology: parasitoids of 
stem-nesting sphecids and bees (Krombein, 1960; 
Parker & Bohart, 1966; Danks, 19715). 


Physothorax. A neotropical genus with about ten 
described species. Boucek (1993a) provided a key to 
seven of the species, but the two or three Costa 
Rican species appear to be undescribed. Biology: 
associated with the syconia of Ficus species 
(Moraceae) but the larval diet is unknown. 


Torymus. With about 200 described species world- 
wide, and many more undescribed, this is the 
largest genus in the family. In Costa Rica this genus 
occurs at all altitudes and may comprise as many as 
30 to 50 species. Grissell (1976) provided keys to 
the species of Torymus of western North America. 
Biology: species of T. (Nannocerus) are restricted to 
figs (Boucek, 1993a). A few European species are 
phytophagous in seeds, one or two are inquilines in 
galls, but the majority are parasitic (often faculta- 
tively hyperparasitic) in galls (Grissell in Krombein 
et al., 1979). 


11.19 TRICHOGRAMMATIDAE ~ 
John D. Pinto 


Diagnosis. Among the smallest of insects, 0.2 to 1.5 
mm in length, mostly 1.0 mm or less. Body shape 
compact or elongate, but always lacking a distinct 
constriction at junction of meso- and metasoma; 
wings usually present. Colour light yellow to dark 
brown, often a combination of both; rarely orange, red 
or slightly metallic; cuticle smooth, rarely noticeably 
sculptured. Antenna with 2 to 9 (usually 3 to 7) 
flagellar segments, including 1-3 anelli, 0-2 funicular 
segments, and 1-5 claval segments; segment number, 
as well as characteristics of the setae and sensilla vary 
between the sexes in several genera (e.g. 
Trichogramma, Trichogrammatoidea, Paratrichogramma 
and Ufens) Mesosoma with a short pronotum and 
complete notauli. Fore wings varying in shape from 
extremely narrow and strap-like, to very broad and 
slightly rounded apically; postmarginal vein entirely 
absent or extremely short; discal setae of both fore and 
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Fig. 11.182. Trichogrammatoidea sp. (Trichogrammatidae). 


hind wings often linearly arranged. Tarsi 3-segmented. 
Ovipositor of varying length, strongly exserted or not. 


Classification and distribution. The Trichogram- 
matidae is a cosmopolitan family containing over 500 
described species in 79 genera. Several classifications 
of the family have been proposed. The most widely fol- 
lowed is that of Viggiani (1971) which divides the 
group into two subfamilies, the Trichogrammatinae 
and the Oligositinae. The Trichogrammatinae consists 
of the tribes Trichogrammatini and Paracentrobiini; 
the Oligositinae includes the  Oligositini and 
Chaetostrichini. This classification is based primarily 
on male genitalia, and requires testing by additional 
characters. All four tribes are cosmopolitan and all 
occur in Costa Rica. Presently, those genera where the 
males are unknown cannot be confidently placed 
within this classification. 

Distributions of genera remain poorly known but 
several common genera such as Trichogramma, 
Oligosita and  Paracentrobia have representatives 
throughout the world and in a wide variety of habi- 
tats. The family remains poorly sampled everywhere 
but indications are that diversity is greatest in warm, 
mesic climates. 


Biology. Trichogrammatids are solitary or gregari- 
ous, endophagous idiobionts in the eggs of other 


insects. The vast majority are primary parasitoids but 
one species of Trichogramma is known to occasionally 
develop as a facultative hyperparasitoid on Telenomus 
(Scelionidae) in lepidopteran eggs (Strand & Vinson, 
1984). The few recorded exceptions of egg parasitism 
(e.g. from cecidomyid puparia; Viggiani, 1981) should 
be corroborated. In general, the biology of this family 
is poorly known, and most of the available informa- 
tion concerns Trichogramma, a relatively well studied 
group because of its importance in biological control 
of lepidopterous pests. Although most of our knowl- 
edge of the family is based on this genus, it should be 
kept in mind that Trichogramma may not be particu- 
larly typical of the family as a whole, and that the 
genera parasitizing eggs of Lepidoptera actually are in 
a minority in the family. 

Trichogrammatids attack a wide variety of insect 
eggs, but those of Hemiptera, Homoptera, Lepidoptera 
and Coleoptera are the most common hosts. Some 
genera appear to have a restricted host range while 
others are notoriously polyphagous. For example, 
Megaphragma (unrecorded but probably in Costa Rica) 
has been associated only with eggs of Thysanoptera, 
and Poropoea is known only from the beetle family 
Attelabidae. In contrast, species of Trichogramma are 
notoriously non-specific, with certain species known 
to successfully develop not only in eggs of numerous 
families of Lepidoptera, but in those of five other 


orders of insects as well (Salt, 1935; Pinto et al., 
1986). Yet, Trichogramma does show host preferences, 
and certain potential hosts are avoided. Flanders 
(1937) noted that the number of natural hosts of 
Trichogramma was fewer than the known suitable 
hosts based on laboratory studies. He attributed this to 
habitat preferences, and indeed, it appears that habitat 
may be of primary importance in determining the host 
array of any particular species (Pinto € Oatman, 
1988). 

The process of host location and host recognition 
has been fairly well studied in Trichogramma. Stimuli 
that affect searching behaviour include: host sex 
pheromones (Noldus, 1989), accessory gland secre- 
tions deposited by a female moth around her eggs 
(Nordlund et al., 1987), moth scales (Zaborski et al., 
1987), and physical characteristics of the host egg 
such as its size, colour, and texture (Renou et al., 
1989). Foraging behaviour and host recognition may 
vary between strains of the same species (Pak & 
DeJong, 1987; Chassain et al., 1988). 

Insects ovipositing on plants sometimes place their 
eggs on the plant surface or insert them at varying 
depths within plant tissue. Several genera, such as 
Trichogramma and Trichogrammatoidea, parasitize eggs 
placed on the surface of plants, although at least one 
species, Trichogramma semblidis, is known to enter the 
galleries of bark beetles (Scolytidae) and parasitize 
their eggs (Michalski € Seniczak, 1974). Others, such 
as Oligosita and Paracentrobia commonly parasitize 
Homoptera and Hemiptera eggs placed beneath the 
plant epidermis. At least two genera, Hydrophylita and 
Prestwichia, attack eggs of aquatic insects (e.g. 
Odonata, Notonectidae, Dytiscidae), and are known to 
swim beneath the surface of the water to search for 
hosts (Lubbock, 1863; Matheson & Crosby, 1912; 
Henriksen, 1922). 

Adult females of certain Trichogrammatidae are 
phoretic on their hosts, which presumably facilitates 
access to host eggs. Phoresy has been recorded in a 
species of Oligosita associated with a tettigoniid 
(Conocephalus longipenne) in Java (Ferriére, 1926), and 
in Pseudoxenufens forsythi associated with the brassolid 
butterflies, Opisphanes cassina and Caligo eurilochus, in 
Ecuador (Malo, 1961; Yoshimoto, 1976a). Recently, 
females of a new species of Brachista, which occurs 
from the southwestern United States to Costa Rica, 
have been found commonly attached to adult robber 
flies (Asilidae) of the genus Efferia (Pinto, 1994). 
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The female wasp punctures the host egg chorion 
with her ovipositor and places one or more eggs 
within. Trichogramma pretiosum females, ovipositing in 
eggs of Helicoverpa virescens, inject a venom that stops 
host development. The host is digested before the eggs 
hatch, allowing the larva to completely consume the 
contents of the eggs within ten hours of hatching 
(Strand, 1986). Successful development of the tri- 
chogrammatid larva depends on various factors 
including the structure of the host egg chorion, i.e. 
the ability of the chorion to resist desiccation (Pak 
et al., 1990). 

Two general forms of first instar larvae have been 
described in the family, mymariform (e.g. in 
Ophioneurus and Poropoea) and sacciform (e.g. in 
Oligosita, Trichogramma and Trichogrammatoidea). 
Mymariform larvae bear long setae and have the poste- 
rior end drawn out into a long ‘tail’. Sacciform larvae 
on the other hand are globular to cylindrical in shape 
and lack setae. The number of larval instars reported in 
the family varies. One has been reported in Oligosita 
(Bakkendorf, 1934), two in Trichogrammatoidea and 
Ophioneurus (Bakkendorf, 1934; Hutchinson et al., 
1990), three in Trichogramma (Pak & Oatman, 1982; 
Manweiler, 1986), and five in Poropoea (Silvestri, 
1916). Whether this variation is due to actual differ- 
ences or errors in observation remains to be deter- 
mined, The mature larva is generally robust, distinctly 
segmented and without integumental spines or setae; 
the tracheal system appears to be lacking. Pupation 
takes place within the remains of the host egg and the 
adult parasitoid emerges by biting a hole in the chorion 
of the egg. 

Time needed to complete development depends 
largely on temperature. In Trichogramma evanescens 
and Trichogrammatoidea lutea the duration of develop- 
ment varies from about six days at 30°C to four to five 
weeks at 15°C (Bourarach & Hawlitzky, 1989). In 
temperate climates species of Trichogramma are known 


- to overwinter within the host egg as diapausing pupae 


(Parker & Pinnell, 1971; Curl & Burbutis, 1977). This 
probably occurs in other genera as well (e.g. see 
Bakkendorf, 1934). 

The number of trichogrammatids developing within 
a single egg depends on egg size. In Trichogramma it 
can vary from one on small hosts, to 50 or more on 
large hosts (Flanders, 1935). An average of 34 indi- 
viduals of Pseudoxenufens forsythi (as Xenufens ruskini) 
have been reported emerging from single eggs of the 
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brassolid butterfly, Caligo eurilochus, in Ecuador (Malo, 
1961). As in other egg parasitoids female trichogram- 
matids apply an external marking pheromone by 
wiping the extruded ovipositor across the host egg 
after oviposition. This external marker persists for 12 
to 18 hours and subsequently host necrosis serves as 
an internal marker (Strand, 1986). Both superpara- 
sitism and multiparasitism are known to occur in 
Trichogramma, but they usually occur before the onset 
of host necrosis (Klomp et al., 1980; Waage € 
Godfray, 1985; Thomson & Stinner, 1989). 

Polymorphism of adults has been observed in a few 
trichogrammatid species and results from development 
occurring in different hosts (Salt, 1937) or from devel- 
opment occurring in hosts exposed to different temper- 
atures (Flanders, 1931). Sex ratios vary considerably 
within species, and probably among species and genera 
as well. Males are unknown or extremely rare in some 
species of Trichogramma. It is likely that several species 
of this genus occur as both uniparental (= thelytok- 
ous) and biparental (= arrhenotokous) forms 
(Stouthamer et al., 1990b). Xenufens, a relatively 
common genus in Costa Rica, is known only from 
females and is probably thelytokous. Adult trichogram- 
matids appear to be relatively short-lived (about a 
week) and reproductive capacity varies from about 30 
to 200 eggs per female (Clausen, 1940b). 


Economic importance. Although Trichogramma 
species have not been notably successful in classical 
biological control, they are the most commonly and 
widely used entomophagous arthropods in pro- 
grammes of mass rearing for periodic liberation in the 
field, i.e. augmentative releases (Ridgway et al., 1981; 
King et al., 1985; Ridgway & Morrison, 1985; Hassan, 
1988). In Nicaragua T. pretiosum is being released 
against various noctuid pests: Alabama argillacea and 
Trichoplusia ni in cotton, Pseudoplusia includens in 
beans, and Helicoverpa zea in various crops. Although 
at present Trichogramma is not being used in Costa 
Rica, it was used in the past and there is talk of doing 
so again in the future. The only other genera cur- 
rently used to any extent in biological control are 
Trichogrammatoidea, which has a more limited distribu- 
tion than Trichogramma, but is also associated with 
Lepidoptera eggs (Nagaraja, 1978, 1987; Hutchinson 
et al., 1990), and Doirania, used against tettigoniid 
(Orthoptera) pests in oil palm in Papua New Guinea 
(Takis Solulu, in litt.). 
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Species of Trichogramma are also found occurring 
naturally in field collected eggs of Central American 
pest insects. In Costa Rica T. pretiosum has been reared 
from Helicoverpa eggs on maize, and from noctuid and 
sphingid eggs on potato (Pinto, unpubl.). Three 
species—T. beckeri, T. pretiosum, and T. sp. (as T. semi- 
fumatum)—have been reared from the mahogany 
shoot borer,  Hypsiphila grandella (Pyralidae) 
(Nagarkatti in Whitmore, 1976); Trichogrammatoidea 
hypsipylae has also been reported from the same host 
(Nagaraja, 1978). Other records from Central 
American pests include Trichogramma pretiosum from 
Spodoptera sp. on maize and from Alabama argillacea, T. 
exiguum from Helicoverpa zea on maize and from 
Spodoptera frugiperda, and T. atopovirilia from 
Spodoptera sp. on maize and from Spodoptera frugiperda 
(Pinto, unpubl.). 


Identification. A key to the world genera of 
Trichogrammatidae was published by Doutt and 
Viggiani (1968). This extremely useful work includes, 
in addition to the key, complete generic synonymies, 
diagnoses and illustrations based on type species, and 
complete species listings. A key, in Spanish, to the 
genera of Trichogrammatidae of Peru was published 
by Ruiz and Korytkowski (1979). A useful summary 
of the geographic distribution of all trichogrammatid 
genera occurs in Yousuf and Shafee (1987). These 
authors also recently published a catalogue of genus- 
group names and a species checklist (Yousuf € Shafee, 
1986a & b). 

The Trichogrammatidae remains very poorly 
known taxonomically and only a small fraction of its 
diversity is appreciated. Consequently, generic con- 
cepts will remain tentative and in a state of flux in the 
foreseeable future. This should be kept in mind when 
using the available keys. For example, several of the 
species collected in Costa Rica cannot be unambigu- 
ously assigned to genus at this time. 


Synopsis of the Costa Rican fauna 


Only three genera of Trichogrammatidae had been 
reported from Central America prior to collections 
preparatory to this volume, and only: two, 
Trichogramma and  Trichogrammatoidea, had been 
reported from Costa Rica (Nagaraja, 1978; De Santis 
1979, 1981, 1989). Recent collections have increased 


the genera known for Costa Rica to 22. Eight of these 
(Brachista, Ceratogramma, Hydrophylita, Lathrogramma, 
Pintoa, Trichogrammatella, Trichogrammatomyia and 
Xenufens) are known only from the New World. One 
genus, Haeckeliania, previously unknown in the New 
World, turns out to be quite common in collections 
from North and Central America. Additional genera 
not yet recorded from Costa Rica but likely to occur 
there include Doirania, Epoligosita, Megaphragma, 
Mirufens, Tumidiclava and Ufens. 

Within Costa Rica Trichogrammatidae have been 
collected at altitudes up to 3500 metres, but most 
come from forested areas at relatively low elevations 
(<1000 m). The only genus commonly found in the 
few available collections from high altitude, primarily 
from the Cerro de la Muerte (2500-3500 m), is 
Trichogramma. Generic diversity can be quite high at 
any one site. For example, 17 of the 22 genera known 
to occur in the country have been collected in Santa 
Rosa and Guanacaste National Parks. Except for one 
species of Trichogrammatoidea, Trichogrammatella tristis, 
and a few Trichogramma species, the hosts of the Costa 
Rican trichogrammatids are unknown. The host 
records given below are primarily from the North 
American literature. 


Aphelinoidea®®. A cosmopolitan genus character- 
ized by having an antenna with no funicle and a 2- 
to 3-segmented club; fore wing with a reduced 
stigmal vein, densely setose, without distinct setal 
lines. Biology: parasites in eggs of Homoptera. 


Brachista“*. Brachista is the correct name for a 
group of New World species formerly assigned to 
Giraultiola (Pinto, 1993). They have an antenna 
with no funicle and a 4-segmented club; metasoma 
elongate. Biology: parasites in eggs of Coleoptera 
and Homoptera. 


Ceratogramma“*, A neotropical genus ranging 
from Costa Rica south to Argentina. Species have 
an antenna with three anelli, two funicle segments 
and a 3-segmented club. Biology: parasites in eggs 
of Coleoptera. 


Chaetogramma. A North and Central American 
genus characterized by having an antenna with one 
funicle segment (may be incompletely divided) and 
an unsegmented club. Biology unknown. 


Chaetostricha“E, A cosmopolitan genus, character- 
ized by having an antenna with a 2-segmented 
funicle, the first segment of which is short and 
appressed to second, and a 3-segmented club; 
ovipositor usually exserted. Biology: parasites in 
eggs of Hemiptera (Heteroptera). 


Haeckeliania“. A widespread genus represented in 
the New World, Australia and Asia, and character- 
ized by having an antenna with no funicle and a 
complex 5-segmented club, with elongate placoid 
sensilla extending well beyond the surface. Biology 
unknown. 


Hydrophylita^*. A New World genus, species of 
which have very narrow, pointed fore wings. 
Biology: parasites in eggs of Odonata in water. 


Ittys™®. A palaearctic and New World genus char- 
acterized by having an antenna with two funicle 
segments, the second shorter than the first and 
about as long as wide, and a 3-segmented club. 
Biology: parasites in eggs of Hemiptera (Heteroptera) 
and Homoptera. 


Lathrogramma“*. A New World genus character- 
ized by having an antenna with no funicle and a 5- 
segmented club, the first segment of which is short, 
inconspicuous and appressed to second. Biology: 
parasites in eggs of Homoptera. 


Lathromeroidea^". A New World, Australian and 
palaearctic genus characterized by having an 
antenna with no funicle and a 5-segmented club; 
fore wing with setal lines conspicuously converging 
near apex of the retinaculum. Biology: parasites in 
eggs of Odonata, Homoptera and, aquatic 
Hemiptera. 


Oligosita®®. A cosmopolitan genus, believed to be 
the most species-rich group in the family. The 
genus is characterized by having an antenna with a 
single anellus, one funicle segment and a 3-seg- 
mented club; fore wing relatively narrow, the disc 
often nearly devoid of setae. Biology: parasites in 
eggs of Coleoptera, Hemiptera (Heteroptera), 
Homoptera and Orthoptera. 
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Paracentrobia®®. A cosmopolitan genus, similar to 
Ittys, except the second funicle segment is wider 
than long. Biology: parasites in eggs of Homoptera. 


Paratrichogramma*"*. A New World, Australian 
and South African genus. The antenna of the 
female has one funicle segment and an unseg- 
mented club; fore wing with a short marginal vein 
that does not reach the margin, stigmal vein is 
obsolescent. Biology: parasites in eggs of 
Lepidoptera. 


Pintoa®®. A New World genus, similar to Oligosita 
except that the funicle segment is closely associated 
with the club and bears a long curved placoid sen- 
sillum. Biology unknown. 


Poropoea**. Primarily a holarctic genus, character- 
ized by having an antenna with two funicle seg- 
ments and a 3-segmented club; venation sigmoid, 
with the marginal vein not reaching wing margin. 
Biology: parasites in eggs of Coleoptera. 


Trichogramma. A cosmopolitan genus comprising 
about 140 described species; eight species are 
known from Costa Rica but several more undoubt- 
edly occur. The female antenna consists of two 
funicle segments and an unsegmented club; fore 
wing venation is sigmoid. Keys are available for the 
world species (Voegele & Pintureau, 1982; 
Sorokina, 1993), the New World species (Nagaraja 
& Nagarkatti, 1973) and the Peruvian species (Ruiz 
& Korytkowski, 1979). Two morphologically aber- 
rant species were recently described from Costa 
Rica (Pinto, 1992). Because of the widespread mis- 
application of names (Pinto et al., 1978), unfore- 
seen intraspecific variation (Pinto et al., 1989), and 
what remains an extremely poorly known fauna 
with numerous undescribed species, current keys to 
Trichogramma are unfortunately of little value. 
Identification is complicated by the existence of 
morphologically homogeneous species complexes. 
Investigators are attempting to use reproductive 
compatibility and allozymic variation to clarify 
species limits in these forms (e.g. Nagaraja, 1987; 
Pinto et al., 1991, 1992). Biology: parasites in the 
eggs of a wide range of insects, including 
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Coleoptera, Diptera, Lepidoptera, Hymenoptera, 
Hemiptera and Neuroptera. 


Trichogrammatella®®. A monotypic genus previ- 
ously known only from Trinidad and Panama. It 
has an antenna with an elongate 5-segmented club; 
fore wing with an elongate stigmal vein that curves 
gradually from the marginal vein. Biology: Costa 
Rican specimens have been reared from eggs of 


.Membracidae (Homoptera). 


Trichogrammatoidea. A widespread genus, except 
in the Holarctic region. Females are characterized 
by having an antenna with two funicle segments 
and an unsegmented club; fore wing venation 
sigmoid. It may be separated from Trichogramma by 
the absence of the RS-1 setal line beneath the 
stigmal vein, and by the form of the male genitalia. 
Biology: parasites in eggs of Lepidoptera. 


Trichogrammatomyia®®, North and: Central 
America. Females have antennae similar to 
Trichogramma and Trichogrammatoidea, but their 
wing venation is normal, not sigmoid. Biology: par- 
asites in eggs of Lepidoptera. 


Uscana“*. A cosmopolitan genus characterized by 
having an antenna with no funicle and a 4-seg- 
mented club. Biology: parasites in eggs of Coleoptera. 


Xenufens™®. A New World genus, characterized by 
having an antenna with two short funicle segments 
and a short 2-segmented club, with an incomplete 
third segment; fore wing venation sigmoid. Biology: 
parasites in eggs of Lepidoptera. 


Zagella^*. A New World genus, characterized by 
having an antenna with two funicle segments, the 
first of which is short and appressed to the second, 
and a 3-segmented club. Zagella species are similar 
to Chaetostricha except that the ovipositor is not 
exserted. Biology unknown. 


Genus questionable. Several undescribed species in 
the Costa Rican fauna cannot be placed to genus. 
Most key unsatisfactorily to Lathromeroidea, Pterygo- 
gramma or Uscana in Doutt and Viggiani (1969). 


e ichneumonoid 


Ian D. Gauld and Scott Richard Shaw 


The superfamily Ichneumonoidea is a monophyletic 
group that is characterized by at least six apomorphic 
features: 


e Adult mandible with two teeth. The presumed ple- 
siomorphic condition is possession of three or four 
teeth. The derived condition occurs convergently 
in some other lineages of the Microhymenoptera. 
In some ichneumonoids the number is further 
reduced to one. In the Alysiinae, some opiine bra- 
conids, the Diplazontinae and a few banchine ich- 
neumonids it is secondarily increased to three or 
four (Mason, 1987a; Sharkey & Wahl, 1992). 

e Prepectus fused to the posterior lateral (vertical) 
margin of the pronotum, mesothoracic spiracle posi- 
tioned directly above the prepectus, and external pit 
indicating origin of spiracular occlusor muscle lying 
near posterior pronotal margin (Gibson, 1985). 

e Fore wing with veins C and Sc+R+Rs contiguous 
for almost their entire basal length, with the 
virtual obliteration of the costal cell. This condi- 
tion has been independently derived in some 
Rhopalosomatidae and Sphecidae. 

e Metasoma with sternite I divided into a heavily scle- 
rotized anterior part and a comparatively weakly 
sclerotized posterior part (Mason, 1981a, 19874). 

e Metasomal tergites I and II articulating by means 
of a pair of dorsolateral condyles on the hind 
margin of tergite I and on the anterior margin of 
tergite II (Mason, 19872). The plesiomorphic con- 
dition is that these tergites do not articulate on 
condyles and can telescope. 

e Cephalic capsule of final instar larva with a hypos- 
tomal spur (Sharkey & Wahl, 1992). This struc- 
ture has been secondarily lost in some 


ichneumonoids, usually taxa that do not spin a 
cocoon (Short, 1978). 


Another possible apomorphic feature of the group is 
the presence of longitudinal and transverse carinae 
delineating a number of discrete areas on the 
propodeum, but these structures have been lost in 
many groups (Sharkey & Wahl, 1992). 

The number of families placed in the Ichneu- 
monoidea has fluctuated, but it has always included 
the Braconidae and Ichneumonidae. Some workers 
have included the Stephanidae, Megalyridae and even 
the evanioid families (e.g. Pagliano, 1986; Pagliano & 
Scaramozzino, 1990), but these families lack the apo- 
morphic features characterizing the superfamily and 
are more logically treated in separate superfamilies. 
Various groups of ichneumonids and braconids, such 
as the Paxylommatinae, Agriotypinae, Apozyginae 
and Aphidiinae, have from time to time been accorded 
family-group status. Despite this the first two clearly 
belong in the Ichneumonidae and the last two are 
part of the Braconidae (Gauld, 1984; Gauld & Bolton, 
1988; Sharkey & Wahl, 1992). The Paxylommatinae, 
Agriotypinae and Apozyginae are all small and infre- 
quently collected groups and arguments about their 
status have involved only a few specialists (e.g. 
Mason, 1971, 1978a,1981a; Achterberg, 1976) The 
Aphidiinae, however, is a large, widespread, and eco- 
nomically important subfamily, and many workers 
(e.g. Stary, 1960, 1966, 1970; Mackauer & Stary, 
1967; Mackauer, 1968; Finlayson in Evans, 1987a) 
continue to insist, despite the overwhelming phyloge- 
netic evidence (e.g. Achterberg 1984a; Quicke & 
Achterberg, 1990), on treating it as a distinct family. 

The two families treated here, the Ichneumonidae 
and Braconidae, comprise one of the most species-rich 
superfamilies of organisms known. Worldwide they 
probably include at least 150,000 species. In Costa 
Rica they are amongst the most abundant and 


commonly collected of all Hymenoptera. They may be 
separated by the following key: 


Key to the families of Ichneumonoidea 
present in Costa Rica 


TO Pullyswingedispegelese......... uoce 2) 
—  Brachypterous or apterous species. ............... es A 


2 Fore wing with 2m-cu distinct (Fig. 12.01). 

[1st discal and submarginal cells confluent, 
forming a single large discosubmarginal cell; 
hind wing with rs-m joining Rs after diver- 
gence of Rs from Sc+R+Rs (Fig. 12.01).] ......... 
Te cce Ichneumonidae (most) (p. 390) 

— Fore wing with 2m-cu absent (Figs 12.02- 
JD OP A reco 3 


3 Hind wing with rs-m joining Rs distinctly after 
divergence of Rs from Sc+R+Rs (Figs 12.01, 
12.02); metasoma with tergites II and III sepa- 
rated by a membranous articulation, the hind 
margin of the former overlapping the anterior 
margin of the latter. 

[Fore wing with marginal cell enclosed 
(Ies, AAO) e E orca eee 
Moe i Ichneumonidae (Ophionellus) (p. 409) 

— Hind wing with rs-m joining Sc+R+Rs before, or 
more or less at point of divergence of Rs (Fig. 
12.03) or with veins indistinct (Fig 12.04); 
metasoma with tergites II and III confluent 
and fused (Fig. 12.06). 

[Fore wing with Ist discal and submarginal 
cells separated or confluent; marginal cell 
SUE CAROR ODDO] RC neret Es 


4 . Metasoma with tergites II and III separated by a 
membranous articulation, the hind margin of 
the former overlapping the anterior margin of 
the latter (Fig. 12.05); entirely apterous, 
female ant IKENRMSECUS en 
ee oo Ichneumonidae (Gelis) (p. 416) 

—  Metasoma with tergites II and III confluent and 
fused (Fig. 12.06); generally brachypterous 
with at least a vestige of the fore wing dis- 
CEMMOLEMYALES OLMECI ES e e erecto 
PP nacioni disset eee TP Braconidae (few) (p. 431) 


lan D. Gauld 


Diagnosis. Body 2.0 to 61.0 mm in length (exclud- 
ing ovipositor and antennae), fore wing length 2.0 to 
35.0 mm, rarely brachypterous or apterous; sexual 
dimorphism very slight to moderate. Antenna usually 
more than 16-segmented, generally with 30+ segments, 
not, geniculate, and usually not apically clavate; 
mandible usually bidentate, rarely unidentate or 
apparently tridentate; maxillary palp 5-segmented, 
labial palp 4-segmented, sometimes with both 
reduced. Upper hind corner of pronotum extending 
backwards to more or less touch tegula. Fore wing 
with four or more enclosed cells; first discal and sub- 
marginal cells confluent forming a single discosubmarginal 
cell; costal and subcostal cells obliterated by virtual fusion 
of C+Sc+R+Rs; 2m-cu almost always present; 
pterostigma present and usually well differentiated; 
hind wing with rs-m arising from Rs after Rs and 
Sc+R have diverged. Metasoma with five or more 
visible tergites, usually (in Costa Rica always) with 
tergites II and III separate. 

Some species of the morphologically aberrant genus 
Ophionellus (Anomaloninae) have only a single 
enclosed cell in the fore wing. Females of a few species 
of Gelis (Cryptinae) are apterous and superficially ant- 
like, but with a protruding ovipositor. 


Classification and distribution. The family 
Ichneumonidae as here recognized comprises 36 
subfamilies. It includes the Paxylommatinae and 
Agriotypinae (for reasons see Gauld, 1984; Gauld & 
Bolton, 1988), although these groups have sometimes 
been treated as separate families (e.g. by Mason, 
1981a). The subfamilial classification of the Ichneu- 
monidae is still far from stable as subfamilies are 
gradually being split up into more natural, 
holophyletic units (see Eggleton, 1989; Wahl, 1990). 
The major differences between the classification used 
here (which incorporates most of the findings of 
Eggleton and Wahl) and the most widely used system 
proposed by Townes (1969), is that the Pimplinae and 
the Oxytorinae have been subdivided into more 
natural groups, the Helictinae has been included in 
the Orthocentrinae and, following Wahl (19935), the 
Brachycyrtinae are recognized as a distinct subfamily 
separate from the Labeninae. 
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Figs 12.01-12.06. Ichneumonoidea. Figs 12.01-12.04. Fore and hind wings; 12.01, Metopius sp. (Ichneumonidae); 12.02, 
Ophionellus sp. (Ichneumonidae); 12.03, Microtypus sp. (Braconidae); 12.04, Aphidius sp. (Braconidae). Figs 12.05-12.06. 
Metasoma, lateral; 12.05, Gelis sp. (Ichneumonidae); 12.06, Macrocentrus sp. (Braconidae). 
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Fig. 12.07. Cestrus sp. (Cryptinae). 


Twenty five of the 36 ichneumonid subfamilies 
are known to occur in Costa Rica (Gauld, 1991). 
The subfamilies not found here—Adelognathinae, 
Agriotypinae, Collyriinae, Diacritinae, Eucerotinae, 
Microleptinae, Neorhacodinae, Orthopelmatinae, 
Paxylommatinae, Stilbopinae and Tatogastrinae—are 
very small subfamilies each comprising about 40 or 
fewer species. All, except the Eucerotinae and 
Tatogastrinae, are primarily restricted to the North 
Temperate region. The Tatogastrinae is restricted to 
temperate southern South America, but the 
Eucerotinae is widely distributed (Barron, 1976, 
1978) and may possibly be found in Costa Rica. 


Biology. The vast majority of ichneumonids are par- 
asitoids of holometabolous insects and spiders. Those 
associated with insects normally attack the larval or 
pupal stage, although a few oviposit into the egg of 
their host, but complete development in the host larva 
or pupa. Those that attack spiders may, depending 
upon species, parasitize any stage, including the 
adults. Egg sacs of both arachnids and insects are 
attacked by a few ichneumonid species. The larvae of 
these species feed on a succession of eggs, and thus 
can be considered to be predators. Many ichneumonid 
subfamilies are restricted to a particular order of 
insects although some subfamilies (e.g. Pimplinae) 


attack a fairly wide range of hosts. Compared with 
Braconidae, hyperparasitism is more common and 
gregarious parasitism is less common. Gregarious par- 
asitism is mostly restricted to a few ectoparasitic 
species, for example pimplines such as Iseropus and 
related genera (Gauld, 1991), tryphonines such as 
Netelia and some generations of Adelognathus species 
(Kopelke, 1987). Numerous ichneumonids are 
ectoparasitic idiobionts, including many species of 
Labeninae, Pimplinae, Cryptinae, Brachycyrtinae, 
Rhyssinae and Xoridinae. Endoparasitic idiobiosis, 
usually in more or less exposed lepidopterous pupae 
with thick cuticles, occurs in a few Cryptinae, some 
Pimplinae and many Ichneumoninae. Ectoparasitic 
koinobiosis seems to have evolved separately in 
Adelognathinae (not present in Costa Rica), poly- 
sphinctine Pimplinae and Tryphoninae. Most of the 
remaining subfamilies are composed primarily of 
endoparasitic koinobiont species, many of which have 
complex physiological interactions with their host (see 
Chapter 2.5). 


Oviposition. Ichneumonid females may have as few as 
ten (in some Ichneumoninae and Cryptinae) to several 
thousand (in Eucerotinae) potential eggs (Iwata, 
1958, 1960). There is a close correlation between the 
size of the egg and the stage of the host attacked; 
koinobionts that emerge from the host’s pupa but 
oviposit in early instar larvae tend to have large 
numbers of small, microlecithal eggs, whilst idiobionts 
attacking pupae usually have few large eggs (Price, 
1973, 1974). The eggs of most species are ovoid, pale 
and without apparent chorionic sculpture (Iwata, 
1958). Many species with very long ovipositors have 
an extremely elongate egg that is compressible to facil- 
itate its passage down the lumen of the ovipositor. 
Tryphonines (which are ectoparasitic koinobionts) 
have eggs furnished with a variety of different types of 
hooks or anchors that are embedded in the host 
cuticle and firmly attach the egg to the outside of the 
host (Mason, 1967; Kasparayan, 1981). The eggs of 
some Anomaloninae have a mushroom-like protuber- 
ance which is used to anchor the egg internally 
within the host (Gauld, 1976b). 


Larval and pupal stages. In ichneumonids there may be 
five larval instars, but the number may be reduced, 
for example to four in some Cremastinae (Giraldo- 
Vanegas & Garcia, 1992) and three in Anomaloninae 
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(Tothill, 1922). The exact number is often difficult to 
ascertain (Rojas-Rousse & Benoit, 1977). The first 
larval instar of many species is spindle-shaped with a 
well-developed head capsule, conspicuous antennae 
and strongly sclerotized, sharply pointed mandibles. In 
ectoparasitoids the cuticle may be quite strongly scle- 
rotized and furnished with robust setae (Pschorn- 
Walcher & Zinnert, 1971; Kasparayan, 1981). The 
spiracles of at least some species are open on the pro- 
thorax and first eight abdominal segments (Spradbery, 
1970a). 

The more specialized endoparasitoids (e.g. most of 
the ophioniformes group of subfamilies) have a 
caudate first instar larva, which often has a weakly 
sclerotized head capsule, vestigial antennae and no 
spiracles. The mandibles may be well-developed 
(Tothill, 1922; Pschorn-Walcher, 1967) or vestigial 
(Gauld, 1976a). The tail-like caudal appendage may 
be long or short, but in general its relative length 
decreases as the larva grows (Bradley & Burgess, 
1934). Successive larval instars have shorter 
appendages (Fisher, 1959; Frilli, 1965), and in all 
known cases the final instar larva is hymenopteriform 
(Clausen, 1940b), with the head capsule small and 
partially retracted into the thorax. Because the final 
instar larval skin is generally retained in the cocoon, 
and consequently is relatively easily collected, consid- 
erable study has been made of the morphology of this 
stage (e.g. Beirne, 1941; Finlayson, 1975; Short, 
1978; Wahl, 1990, 1993a). 

Most koinobionts kill their host as a final instar 
larva within the host’s pupation chamber and thus 
they are afforded some degree of protection. Even so, 
many ichneumonids spin an ovoid, dense silken 
cocoon (e.g. see Slovak, 1984). Some species that 
spend a very short period in their cocoon spin a quite 
frail cocoon (Danthanarayana et al., 1977), and in 
multivoltine species there may be cocoon dimor- 
phism—diapausing larvae spin a thicker cocoon than 
their non-diapausing siblings. The cryptine vespid par- 
asitoid, Sphecophaga, has three forms of cocoons, a 
white form that gives rise to a brachypterous female, a 
thin yellow cocoon giving rise to winged females in 
the same summer, and a thick yellow cocoon that 
gives rise to winged males and females the following 
summer (Donovan, 1991). The cocoons of some ich- 
neumonids that undergo protracted diapause (e.g. 
Enicospilus lebophagus) are very dense and have a 
nacreous inner wall that is probably resistant to 


394 7 


dessication and penetration by micro-organisms. 
Ichneumonids that pupate within their host's 
pupa (such as Anomaloninae, Metopiinae and 
Ichneumoninae) generally spin only a rudimentary 
cocoon, as do many idiobionts (such as Rhyssinae) 
that attack hosts deeply concealed in woody tissue. 
Many species seem to diapause as a prepupa, although 
a few north temperate species diapause as pharate 
adults within the cocoon (Morley, 1915). 

Some campoplegines (e.g. Cryptophion spp.) are 
unusual in that they kill their host caterpillar on the 
food-plant before the caterpillar has become fully 
grown (Gauld & Janzen, 1994). In such an exposed 
situation the ichneumonid cocoon is extremely vul- 
nerable to scavengers or hyperparasitoids and cam- 
poplegines have adopted a variety of strategies for 
concealing their cocoons. Many species have black 
and white mottled cocoons that resemble bird-drop- 
pings. Those of Cryptophion are concealed under the 
host larval remains, whilst some northern temperate 
species of Hyposoter construct a false cocoon 
(Finlayson, 1966). Other species ensure that their 
cocoons are removed from the leaf surface. Those of 
Charops, for example, are suspended from the host 
food-plant by a long thread, and species of Bathyplectes 
and some Phobocampe have ‘jumping cocoons’ that 
break free of the substrate so that cocoon and pupa 
fall amongst the leaf litter (Gauld & Bolton, 1988). 


Adult biology. The great majority of ichneumonids are 
bisexual, although a few cosmopolitan, synanthropic 
species (e.g. Diplazon laetatorius, Venturia canescens) are 
thelytokous throughout much of their range. 
Sphecophaga appears to have a deuterotokous form 
which exploits locally abundant resources, as well as 
normal bisexual forms that overwinter (Donovan, 
1991). Sexual dimorphism is generally not as pro- 
nounced amongst the Ichneumonidae as it is in many 
other groups of apocrite Hymenoptera, although in a 
few genera it can be very striking. For example, some 
species of Cryptinae (e.g. many Gelis spp.) have apter- 
ous, ant-like females and normal alate males. Species 
of the pimpline genus Dolichomitus have females of rel- 
atively normal proportions, but the males may be very 
elongate and slender (Gauld, 1991). Sexual dimor- 
phism is most apparent in idiobiont groups, the males 
of which are relatively short-lived flower-feeders who 
spend most of their lives flying low through, or resting 
on, vegetation. The females, on the other hand, are 


long-lived and spend most of their lives on the ground 
searching for hosts in leaf litter or in concealment 
under bark etc. Thus in some Ichneumoninae males 
are often aculeate mimics and aposematically coloured, 
whilst the females are cryptic, black or brownish 


insects. Many idiobionts (e.g. many Cryptinae, 
Pimplinae and Labeninae) show considerable sexual 
dimorphism in size, which is a result of facultative 
arrhenotoky (Flanders, 1956; Aubert, 1959)—i.e. 
females lay a disproportionately large number of 
female eggs on large hosts and male eggs on small 
hosts (Arthur & Wylie, 1959; Kishi, 1970). In general, 
koinobionts show less pronounced sexual dimorphism; 
males and females frequently resemble each other 
closely in shape, colour pattern and even size (Gauld & 
Fitton, 1987) and both males and females can often be 
seen flying amongst or resting on the vegetation. The 
nocturnally active koinobionts are the least sexually 
dimorphic of all the ichneumonids, females and males 
generally differing only in the density of pectination of 
the tarsal claws (Gauld, 1988b). 

In many ichneumonids the males emerge before 
the females. In the Rhyssinae (and probably also other 
wood-borer parasitoids) males congregate around tree 
trunks from which conspecific females are in the 
process of emerging, and some of these males establish 
territories which they defend against other males 
(Eggleton, 1990). Other species show scramble compe- 
tition for mates and in these cases males are some- 
times specialized for mating with the female prior to 
her full emergence (Nuttall, 1973). In temperate 
regions males of some species of Orthocentrinae, 
Tersilochinae and Diplazontinae form conspicuous 
swarms, although this has not been observed in Costa 
Rica. However, in Santa Rosa National Park I have 
seen males of Joppidium species (Cryptinae) forming 
groups flying above and around newly emerged 
females. Such behaviour suggests that the female may 
be releasing a pheromone, as has also been suggested 
for some Campopleginae (Vinson, 1972; Gordh & 
Hendrickson, 1976). Further evidence for sexual 
pheromones in Ichneumonidae is the observation that 
males of a species of Exetastes (Banchinae) are 
attracted to 8-dodecenyl and 11-tetradeceny] acetates 
(Hrdy & Sedivy, 1979). 

Mating is rather brief (usually from one to ten 
minutes in duration) and has rarely been observed. 
The females of many species are believed to mate only 
once (Gordh & Hendrickson, 1976; Slovak, 1986b), 


but some mate repeatedly (Mathur, 1967a). The male 
often approaches the female from the rear and repeat- 
edly strokes her with his antennae (Slobodchikoff, 
1973; Barrows, 1976), but some species approach 
face to face with the male vibrating his wings (Veen, 
1982). During copulation the male may be situated 
behind, above, or rarely to the side of the female, and 
he usually continues to antennate her throughout 
copulation (Barrows, 1976; Gordh & Hendrickson, 
1976; Danthanarayana et al., 1977). 

Little is known about the phenology of ichneu- 
monids in Costa Rica or indeed any other tropical 
area. In regions that have a pronounced dry season, 
such as northwestern Costa Rica, the majority of 
koinobiont species are active shortly after the start of 
the rains, when they exploit the first flush of larvae 
that appear when plants put on new growth. Most of 
these ichneumonids will have diapaused as prepupae 
in their host’s pupal retreat. Many show a high degree 
of synchrony with their hosts, and emerge as adults 
for a very short period. Sometimes, as in the case of 
Enicospilus lebophagus, only some of a year’s popula- 
tion emerges the following year; a small proportion 
may remain in diapause for another twelve months 
(D.H. Janzen, pers. comm.). The idiobionts, which 
mostly attack prepupae or pupae, tend to appear 
slightly later in the season. Many continue to fly 
about (and thus be collected in flight interception 
traps) through the wet season and well into the fol- 
lowing dry season. Thus in the seasonal tropics, 
unlike the northern temperate regions, idiobiont para- 
sitoids may be active throughout the entire inclement 
season; potential hosts that are in diapause are thus 
susceptible to attack throughout their diapause 
(Gauld, 1987). A few species of genera such as Camera 
(Cryptinae) and Clistopyga (Pimplinae) have only been 
collected in the dry season, suggesting they may dia- 
pause in the wetter periods. In the northern temperate 
regions some. species, particularly of the 
Ichneumoninae, diapause as adults, concealing them- 
selves during the winter beneath the bark of trees and 
in grass tussocks. 


Defences against predators. Ichneumonids have a 
variety of defensive strategies against predators. Some 
are furnished with cuticular processes, which may 
offer physical protection. For example, some species of 
Certonotus (Labeninae) have spines on the pronotum, 
propodeum and metanotum, and Acrotaphus species 


(Pimplinae) have a pronotal shield and occipital flange 
protecting the cervical membrane against attacks by 
asilids. Many medium to large-sized species of 
mesostenines are black and white striped, an adapta- 
tion that renders them very difficult to focus on (at 
least for the human eye) as they fly through patches 
of light and shade in the forest understorey. 

Many ichneumonids, especially those with rela- 
tively short ovipositors such as species of Netelia, 
Ophion, Carinodes and Joppa are capable of stinging—a 
sensation not unlike a pin-prick. Some of these species 
are aposematically coloured. Species of the pimpline 
genera Neotheronia and Xanthopimpla have large tarsal 
claws that have an internal poison-sac, and these 
claws function as a type of poison fang (Townes, 
1940). Most of these species are also aposematically 
coloured and, like those capable of stinging, many are 
Múllerian mimics of aggressive aculeates (Gauld, 
1991). Many other species are also brightly coloured 
and are apparently Batesian mimics of aculeates 
(Evans, 1966e, 1968b). Some (e.g. Dolichomitus spp.) 
are yellow and black banded, or brown and yellow, 
and thus appear to mimic polistine vespids (see Table 
15.2). Others (e.g. Rhynchophion sp.) are metallic blue 
with violet and orange wings, and in flight closely 
resemble species of Pepsis (Pompilidae); some 
mesostenines twitch their wings while running and 
can easily be mistaken for pompilids. A few pimplines 
are orange with black-banded wings and in flight they 
resemble noxious braconids (see Chapter 12.2). A few 
ichneumonids, most notably some Pimpla, Apechthis 
and Exochus species, emit a pungent odour when 
handled and this may serve to deter predators. Many 
small ichneumonids are black with a bright red meso- 
soma, as in species of Metopiinae, Cryptinae, 
Pimplinae, Tersilochinae and Orthocentrinae. This 
colour pattern occurs in several other families of 
Hymenoptera (see Chapter 9.6) but its significance is 
not understood. 

Although striking colour patterns are very obvious 
features of diurnally active lowland tropical ichneu- 
monids, at high altitudes (above about 2600 m) a 
large proportion of diurnal species are black or brown, 
and generally inconspicuous. There are, however, a 
few exceptions. Several species of Ichneumoninae and 
Banchinae are particularly conspicuous; they have the 
head and most of the mesothorax black, the 
prothorax, epicnemium, metathorax and propodeum 
bright lemon yellow, and the metasoma reddish. I 


have not seen this colour pattern in any other region 
except at high altitudes in Central America. Several 
other montane species (e.g. Pimplinae, Tryphoninae 
and Ichneumoninae) are black with slightly yellowish 
wings and with the anterior margin of the fore wing 
infumate, thus closely resembling a common high alti- 
tude species of Polybia (see Table 15.2). 

A large proportion of the lowland tropical koino- 
biont ichneumonids are nocturnally active, and this 
may help them avoid diurnally active predators 
(Gauld, 1987). Virtually all nocturnal species are 
rather uniformly orange or brownish. In comparison 
to the lowlands (1600 m or less), at higher altitudes 
nocturnally active species apparently comprise a 
much smaller proportion of the number of ichneu- 
monid koinobionts present. 


Economic importance. In other parts of the world 
ichneumonids have been used in classical biological 


Pest species Common name 
Anticarsia gemmatalis (Noctuidae) 
Antichloris viridis (Arctiidae) Banana moth 
Ecdytolopha torticornis (Tortricidae) 
Erinnyis ello (Sphingidae) 


Mocis latipes (Noctuidae) 


Opsiphanes cassina (Nymphalidae) 
Phthorimaea operculella (Gelechiidae) 


Plutella xylostella (Plutellidae) 


Polygrammodes elevata (Pyralidae) 


Rothschildia orizaba (Saturniidae) 
Sibene spp. (Limacodidae) 


Spodoptera frugiperda (Noctuidae) Fall armyworm 


Table 12.1. 


Velvetbean caterpillar 


Macadamia nut borer 
Cassava hornworm 


Guinea grass moth 


Potato tuber moth 


Diamondback moth 


Sweetpotato borer 


Oil palm slug moths 


control programmes, especially against symphytan 
pests (e.g. Taylor, 1976). There are no documented 
cases of deliberate introductions of ichneumonid 
species into Central America for biological control pur- 
poses, although there is certainly a potential for doing 
so. Several endemic species undoubtedly play impor- 
tant roles in lowering the populations of various pest 
species in Central America. 

As can be seen from Table 12.1, the most important 
ichneumonid subfamilies in biological control are the 
Campopleginae (e.g. Clausen, 1956; Morey, 1971; Rao, 
1971; Ashley, 1983; Cock et al., 1987; Garcia, 1991) 
and the Cremastinae (Patel & Habib, 1984). Micro- 


charops anticarsiae has recently been introduced from 


Costa Rica into the United States to control Anticarsia 


gemmatalis (Noctuidae) (Gupta, 1988), and attempts 


have been made to introduce Eiphosoma vitticolle into 
the United States to control the fall arm worm, 
Spodoptera frugiperda (Noctuidae) (Ashley et al., 1982). 


Ichneumonid parasitoid 

Microcharops anticarsiae ina 
Carinodes sp. (Ichneumoninae) 
Pristomerus sp. (Cremastinae) 
Cryptophion sp. (Campopleginae) 


Scambus albitibia (Pimplinae) 
Tricholabus lepidus (Ichneumoninae) 


Casinaria sp. (Campopleginae) 
Pristomerus spinator (Cremastinae) 


Diadegma spp. (Campopleginae) 
Pimpla punicipes (Pimplinae) 


Eiphosoma sp. (Cremastinae) 
Enicospilus sp. (Ophioninae) 
Casinaria sp. (Campopleginae) 
Campopletis grioti (Campopleginae) 
Eiphosoma vitticolle (Cremastinae) 
Ophion flavidus (Ophioninae) 


Pristomerus spinator (Cremastinae) 
Temelucha sp. (Cremastinae) 


Major pests in Central America and the native ichneumonid species that attack them. 


Identification. Townes (1969, 1970a & b, 1971) 
gives keys to the world genera of all subfamilies 
except the Ichneumoninae. A key to the neotropical 
Ichneumoninae was included as an appendix to 
Townes and Townes’ (1966) catalogue of neotropical 
species. Unfortunately Townes adopted an idiosyn- 
cratic system of nomenclature and did not follow the 
principle of priority for family-group names, but 
formed names from the oldest included genus. Fitton 
and Gauld (1976, 1978) have attempted to 
rectify this situation, but there are still disputed 
areas. 

The most recent key to the subfamilies of Central 
America was published by Gauld (1991) and is not 
repeated here, but a brief identification guide to the 
common subfamilies is given below. This is intended 
to be simple and ignores the rather uncommon excep- 
tions; others run out to the last couplet. 


A guide to females of the ichneumonid sub- 
families commonly encountered in Central 
America 
l Fore wing lacking 2rs-m, with 3rs-m joining M 
distalutos2mceux(Bigs-1:2:087:902:09):25.......... 2 
— Fore wing not as above, either with an areolet 
or with  2rsm but lacking  3rs-m 
PES TAMOS 1. aee e ee 4 


2 Subgenital plate very large, projecting far beyond 
apex of metasoma (Fig. 12.42); fore and mid 
tarsal claws with a small auxiliary tooth 
(Fig. 12.60). 

[Large black and white patterned insects.] .. 
ON Acaenitinae (p. 409) 

—  Subgenital plate not projecting beyond apex of 
metasoma; tarsal claws simple or pectinate. .... 


3 Fore wing with a spurious vein extending from 
claval notch to outer corner (Fig. 12.08); 
tarsal claws always closely pectinate (Fig. 
12.61); hind wing with distal abscissa of Cul 
present (Fig. 12.24). .... Ophioninae (p. 422) 

— Fore wing without a spurious vein (Fig. 12.09); 
tarsal claws sparsely and inconspicuously 
pectinate; hind wing with distal abscissa of 
Cul entirely absent (Fig. 12.25). vcs 

Anomaloninae: Anomalonini (p. 409) 


enmonsss 


4 Tergite I of metasoma with spiracle behind 
centre, obviously closer to hind margin than 

to anterior end (Figs 12.28, 12.29). ............ 5 

—  Tergite I of metasoma with spiracle near or in 
front of the centre (Figs 12.30, 12.31). ..... 14 


5 Fore wing with areolet quadrate to pentagonal 
(Figs 12.11-12.13), sometimes with outer 
vein (3rs-m) absent (Figs 12.10, 12.14) and 
with ovipositor without a dorsal subapical 
notch (cf Fig. 12.45). 

[Metasoma with tergites II-IV usually some- 
what depressed; antenna often with central 
part flattened ventrally; tergite I never with 
deep glymmae (pits or troughs) laterally (cf 
Fig.120:89)] t c m 6 

— Not entirely as above, either with fore wing 
with areolet rhombic and somewhat petiolate 
above (Figs 12.15, 12.18), oblique to trian- 
gular (Fig. 12.19) or entirely absent (Figs 
12.16, 12.17), or if very rarely pentagonal 
then ovipositor with a distinct dorsal subapi- 
cal notch (Fig. 12.44); ovipositor otherwise 
with or rarely without a dorsal subapical 
notch. 

[Metasoma sometimes with tergites II-IV 
strongly laterally compressed; antenna almost 
never ventrally flattened.] ...........................-. 8 


6 Fore wing with cu-a distal to base of Rs&M by 


more than 0.8 times its own length 
(BO Brachycyrtinae (p. 410) 
— Fore wing with cu-a closer to base of Rs&M (Figs 
A as 7 


7 Clypeus flat and rather broad (Fig. 12.35); 
ovipositor generally not protruding beyond 
apex of metasoma, or if doing so then with 
sheaths rigid. ........ Ichneumoninae (p. 417) 

—  Clypeus somewhat convex (12.34); ovipositor 
generally protruding well beyond apex of 
metasoma, its sheaths flexible. .......................... 
AAA ia 0 A Cryptinae (p. 414) 


8 Fore wing with two distinct and widely separated 
bullae (clear areas resembling short breaks) in 


vein 2m-cu (cf Figs 12.20-12.23). ............... 9 
— Fore wing with a single bulla in vein 2m-cu 
A Spi t e 10 


398 


9 


10 


11 


We 


13 


Head with a distinct impressed subocular sulcus 
(Fig. 12.41); mandibles very slender and deli- 
cate; mesoscutum very convex in profile.......... 
NEIN Orthocentrinae (part) (p. 426) 

Head without an impressed subocular sulcus; 
mandibles often long but quite robust; mesos- 
cutum not exceptionally convex. 

[Tergite I often with deep glymmae; oviposi- 
tor sheath often slightly broadened centrally.] 
MD E ree Tryphoninae (part) (p. 430) 


Occipital carina closer to lateral ocelli than 
ocellar diameter; propodeum reticulate 
(Fig. 12.46). 

[Areolet never present; metasoma slender, 
strongly laterally compressed.] ......................... 
...., Anomaloninae: Gravenhorstiini (p. 409) 

Occipital carina separated from lateral ocelli by 
far more than ocellar diameter; propodeum 
various, sometimes with discernible areae 
(Figs 12.47, 12.48), never reticulate. ........ il 


Subgenital plate large; ovipositor very slender 
enclosed in rigid sheath (Fig. 12.43). 

[Areolet usually very large, rhombic 
(Fig. 12.15); males with gonosquamae posteri- 
A 
iv ee Mesochorinae (part) (p. 420) 

Subgenital plate smaller; ovipositor moderately 
stout, enclosed in flexible sheaths. ............. m 


Clypeus very broad, fringed with long parallel 
setae (Fig. 12.32). 

[Small insects, fore wing length generally 
<8 mm; fore wing with marginal cell deep, 
pierosnemalarg enbi 12. 16 9 7 
a EE Tersilochinae (p. 430) 

Clypeus neither unusually broad nor fringed with 
lone paralleWsetae (Eig. 12.33). eruere ILS 


Tibial spurs inserted into separate area from that of 
tarsus (Fig. 12.62); hind wing with first abscissa 
of Rs much shorter than rs-m (Fig. 12.26). 

[Face usually pale; tergite II often polished 
or striate; ovipositor sometimes sinuous; hind 
tibia sometimes with a ventral tooth; 
propodeum often with clearly defined area, 
with a  coffin-shaped area superomedia 
dt As alero Cremastinae (p. 412) 
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14 


I5 


16 


17 


18 


Tibial spurs inserted into common area with that 
of tarsus (Fig. 12.63); hind wing with first 
abscissa of Rs as long as or longer than rs-m 
(Fig. 12.27). 

[Face often black; tergite II often polished 
but slightly granulate; ovipositor never 
sinuous; hind tibia never with a ventral tooth; 
propodeum often not regularly areated (Fig. 
12.47), almost never with a completely 
enclosed area superomedia.] .......................... 
VUL OR ET Crea Campopleginae (p. 411) 


Areolet very large, regularly rhombic 
(Fig. 12.15) and subgenital plate large and 
the ovipositor very slender and enclosed in 
rigid sheath (Fig. 12.43). 

[Males with gonosquamae posteriorly elon- 
gate, rod-like. ] 
emp Mesochorinae (part) (p. 420) 

Not exactly asrabove. e eS AS 


rr rra rr rra rr rr rr rr rr rr rr rr 


Face and clypeus weakly to very strongly 
convex, with the clypeus confluent and indis- 
tinguishable from the face (Fig. 12.37) or face 
with a shield-shaped raised flat area 
DI ts O TRR 16 

Face flat to weakly convex, with clypeus delin- 
eated dorsally or laterally by weak impressions 
a RM e aea e 17 


Antenna with scape cylindrical, much longer 
than broad (Fig. 12.38); subocular sulcus 
present and malar space very broad 
(Fig. 12.37). 

[Small species.] ... Orthocentrinae (p. 426) 

Antenna with scape goblet-shaped, not much 
longer than broad (Fig. 12.39); subocular 
sulcus absent and malar space very short. ...... 
Fee e Eo MER Metopiinae (p. 420) 


Mandible tridentate (Fig. 12.40). ......................... 
AME s cna co Sieh Diplazontinae (p. 417) 
Mandible bidentate or rarely unidentate. ....... 18 


Metasoma with impressed triangular areas on 
tergites I-IV (Fig. 12.50); metanotum 
produced laterally into a small hook (or 
"catch") that engages a process on metapost- 
TIOLUTHW(EIp381 055) conc Lycorininae (p. 419) 


19 


20 


22 


22) 


Metasoma without impressed triangular areas of 
tergites IMV (Fig. 12.52), although sometimes 
V-shaped impressions are present (Fig. 12.51); 
metanotum not produced into a hook laterally 
(SILICON T" NS: 


Scuto-scutellar groove with a median carina; 
mesoscutum with a transverse flexible suture 
before scuto-scutellar groove (Fig. 12.55); 
antenna with angulation near apex, the seg- 
ments proximal to the angulation bearing one 
or two long stout bristles (Fig 12.70). ............. 
Tere CRE ee Mere Xoridinae (p. 431) 

Scuto-scutellar groove without a median carina; 
mesoscutum without a transverse flexible 
suture before scuto-scutellar groove; antenna 
without an angulation near apex and without 
bog SIDES 5. eonun oro torn 20 


Head with a distinct impressed subocular sulcus 
(Fig. 12.41); mandibles very small, slender 
and delicate; apex of hind tibia with a fringe of 
fine close hairs internally (Fig. 12.57); mesos- 
cutum very convex in profile. ............... eee 
GA OS ORT PERS Orthocentrinae (most) (p. 426) 

Head without an impressed subocular sulcus; 
mandibles generally quite large, neither 
unusually slender nor delicate; apex of hind 
tibia without a fringe of fine close hairs inter- 
nally (Fig. 12.56); mesoscutum variously 
OE O. eo Pall 


Ovipositor with a distinct dorsal subapical notch 


cr Oe ERN 22 
Ovipositor without a dorsal subapical notch 
("c 1225) QNT 25 


Ovipositor shorter than apical depth of metasoma 
(Fig. 12.69) and propodeum variously sculp- 
tured but never smooth with only the poste- 
rior transverse carina present. 

[First flagellar segment sometimes with a 
tyloid on outer side; mandibles robust often 
with lower tooth the longer |ie eere 
rooe a T Ctenopelmatinae (p. 416) 

Ovipositor generally conspicuously longer than 
apical metasomal depth, or if shorter, then 
propodeum with only posterior transverse 
carina present (Fig. 12.54). 
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23 


24 


25 


26 


[Submetapleural carina often expanded 
laterally into a lobe (Fig. 12.66).] .................... 
O o Banchinae (most) (p. 409) 


Fore wing with areolet large and pentagonal 
(Fig. 12.20); metasoma inserted in propodeum 
quite far above insertion of hind coxa 
(ur SED eee Labeninae (p. 419) 

Fore wing without an areolet, or if present then 
areolet is small and obliquely triangular to 
rhombic; metasoma inserted in propodeum 


very close to insertion of hind coxa 
(MESS 66) e 24 
Mesoscutum with coarse, file-like rugae 
(Bd Rhyssinae (p. 429) 
Mesoscutum smoother, without coarse rugae. 
ORIO: 25 


Mid and hind tarsal claw with an acute basal 
lobe (Fig. 12.58), and/or simple, very large 
and generally with a spatulate bristle tending 
to point to apex (Fig. 12.59); metasoma very 
strongly sclerotized and usually coarsely punc- 
talem ne Pimplinae (p. 429) 

Mid and hind tarsal claw without an acute basal 
lobe, often small, sometimes pectinate, never 
with a spatulate bristle; metasoma various, 
noticoarselylipuuclalcqee RE 26 


Tarsal claw densely pectinate to apex (cf 
Fig. 12.61); ocelli very large, the lateral ones 
separated from eye by less than their own 
diameter. 

[Generally large, yellow or orange coloured 
insects Eei Tryphoninae: Netelia (p. 430) 

Tarsal claw not densely pectinate to apex; ocelli 
generally smaller, the lateral ones separated 
from eye by more than their own diameter. .... 
OT eee VARIOUS SUBFAMILIES! 


[| A variety of relatively infrequently encountered 
taxa will run here, including Poemeniinae (p. 429), 
Oxytorinae (p. 428), Phrudinae (p. 428), Cylloceriinae 
(p. 417), some Tryphoninae (p. 430) and a very few 
species of Banchinae, Cryptinae and Ctenopelmatinae. 
Many can be recognized using the keys provided by 
Gauld, 1991.] 


Figs 12.08-12.15. Ichneumonidae, fore wing; 12.08, Enicospilus sp. (Ophioninae); 12.09, Anomalon sp. (Anomaloninae); 
12.10, Brachycyrtus sp. (Brachycyrtinae); 12.11, Carinodes sp. (Ichneumoninae); 12.12, Joppa sp. (Ichneumoninae); 12.13, 
Cryptanura sp. (Cryptinae); 12.14, Lymeon sp. (Cryptinae); 12.15, Mesochorus sp. (Mesochorinae). 


Figs 12.16-12.23. Ichneumonidae, fore wing; 12.16, Stethantyx sp. (Tersilochinae); 12.17, Aphanistes sp. (Anomaloninae); 
12.18, Delopia sp. (Campopleginae); 12.19, Eiphosoma sp. (Cremastinae); 12.20, Labena sp. (Labeninae); 12.21, Pimpla sp. 


(Pimplinae); 12.22, Mnioes sp. (Banchinae); 12.23, Netelia sp. (Tryphoninae). 
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Figs 12.24-12.31. Ichneumonidae. Figs 12.24-12.27. Hind wing; 12.24, Enicospilus sp. (Ophioninae); 12.25, Anomalon sp. 
(Anomaloninae); 12.26, Eiphosoma sp. (Cremastinae); 12.27, Delopia sp. (Campopleginae). Figs 12.28-12.31. Scanning electron 
photomicrographs of first segment of metasoma; 12.28, Cryptanura sp. (Cryptinae); 12.29, Zagryphus sp. (Tryphoninae); 12.30, 
Netelia sp. (Tryphoninae); 12.31, Pimpla sp. (Pimplinae). 
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Figs 12.32-12.37. Ichneumonidae, scanning electron photomicrographs. clypeus and lower face; 12.32, Stethantyx sp. 
(Tersilochinae); 12.33, Delopia sp. (Campopleginae); 12.34, Cryptanura sp. (Cryptinae); 12.35, Joppa sp. (Ichneumoninae); 


12.36, Metopius sp. (Metopiinae); 12.37, Orthocentrus sp. (Orthocentrinae). 


42 


Figs 12.38-12.43. Ichneumonidae, scanning electron photomicrographs. Figs 12.38-12.39, base of antenna; 12.38, 
Orthocentrus sp. (Orthocentrinae); 12.39, Colpotrochia sp. (Metopiinae). Figs 12.40-12.41. Clypeus and lower face; 12.40, 
Diplazon sp. (Diplazontinae); 12.41, Eusterinx sp. (Orthocentrinae). Figs 12.42-12.43. Apex of metasoma, lateral; 12.42, Arotes 
sp. (Acaenitinae); 12.43, Mesochorus sp. (Mesochorinae). 


EA E cocos 


Figs 12.44-12.49. Ichneumonidae, scanning electron photomicrographs. Figs 12.44-12.45. Apex of ovipositor; 12.44, 
Delopia sp. (Campopleginae); 12.45, Zagryphus sp. (Tryphoninae). Figs 12.46-12.48. Propodeum, dorsal; 12.46, Corsonchus sp. 
(Anomaloninae); 12.47, Delopia sp. (Campopleginae); 12.48, Eiphosoma sp. (Cremastinae). Fig. 12.49, mesoscutum, dorsal, 


Epirhyssa sp. (Rhyssinae). 
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Figs 12.50-12.55. Ichneumonidae, scanning electron photomicrographs. Figs 12.50-12.52. Metasomal tergites II-IV; 12.50, 
Lycorina sp. (Lycorininae); 12.51, Glypta sp. (Banchinae); 12.52, Mnioes sp. (Banchinae). Figs 12.53-12.54. Propodeum, lateral; 
12.53, Lycorina sp. (Lycorininae); 12.54, Mnioes sp. (Banchinae). Fig. 12.55. Scuto-scutellar suture of Xorides sp. (Xoridinae). 
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Figs 12.56-12.61. Ichneumonidae, scanning electron photomicrographs. Figs 12.56-12.57. Apex of hind tibia, internal; 
12.56, Pimpla sp. (Pimplinae); 12.57, Megastylus sp. (Orthocentrinae). Figs 12.58-12.61. Mid tarsal claw; 12.58, Anastelgis sp. 
(Pimplinae); 12.59, Xanthopimpla (Pimplinae); 12.60, Arotes sp. (Acaenitinae); 12.61, Enicospilus sp. (Ophioninae). 
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Figs 12.62-12.70. Ichneumonidae. Figs 12.62-12.63. Insertion of hind tibial spurs; 12.62, Eiphosoma sp. (Cremastinae); 
12.63, Delopia sp. (Campopleginae). Figs 12.64-12.66. Insertion of metasoma into propodeum; 12.64, Certonotus sp. 
(Labeninae); 12.65, Lissocaulus sp. (Banchinae); 12.66, Lissonota sp. (Banchinae). Fig. 12.67. Base of antenna of male Cylloceria 
(Cylloceriinae). Figs 12.68-12.69. Apex of metasoma of female; 12.68, Oxytorus sp. (Oxytorinae); 12.69, Ctenopelmatinae. 
Fig. 12.70. Apex of female antenna, Xorides sp. (Xoridinae). 


A synopsis of the Costa Rican fauna 


Ichneumonids occur in virtually all terrestrial habitats 
in Costa Rica, from the mangrove coastal forests to 
paramo-like areas above 3300 metres. Species are 
generally most numerous in forests, whilst relatively 
few seem to occur in more open, dry habitats such as 
pastures or pineapple plantations. Although the great- 
est species-richness seems to occur in pristine lower 
montane forests (Gauld, 1991), large numbers of 
species are often present in relatively disturbed habi- 
tats such as suburban gardens. 

The 25 subfamilies of Ichneumonidae known from 
Costa Rica, although arranged alphabetically here for 
convenience, can be placed in informal groups 
that share a number of common features (Gauld, 
1991): pimpliform subfamilies (Rhyssinae, Pimplinae, 
Poemeniinae, Acaenitinae, Cylloceriinae, Diplazontinae 
and Orthocentrinae), tryphoniform subfamilies (Try- 
phoninae), ichneumoniform subfamilies (Labeninae, 
Brachycyrtinae, Cryptinae, Ichneumoninae and possi- 
bly Xoridinae), ophioniform subfamilies (Ctenopel- 
matinae, Banchinae, Mesochorinae, Campopleginae, 
Ophioninae, Cremastinae, Tersilochinae and Anoma- 
loninae) and the remaining subfamilies, which are 
presently unplaced. 


ACAENITINAE 

The Acaenitinae is a moderately small, mainly holarc- 
tic and Old World tropical taxon with one genus, 
Arotes, extending south into Central America. Little is 
known about their biology, but one European acaeni- 
tine is a koinobiont endoparasitoid of the larvae of 
curculionids boring in plant tissue (Shaw € Wahl, 
1989; Zwakhals, 1989). Female acaenitines are easily 
recognized by the elongate ‘plough-share’ shaped sub- 
genital plate (Fig. 12.42). 


Arotes. A small, primarily holarctic genus repre- 
sented by two species in Central America. One has 
been collected in lower montane forest in north- 
western Costa Rica. The Central American species 
are keyed by Gauld (1991). 


ANOMALONINAE 

(Whole insect, Fig. 12.71). This is a moderately sized, 
cosmopolitan subfamily. Anomalonines are koinobiont 
endoparasitoids of, mostly, lepidopterous larvae, 


although some species of one genus, Anomalon, attack 
tenebrionid beetle larvae (Townes, 1971). Most anom- 
alonines parasitize geometroid, tortricoid or pyraloid 
Lepidoptera (Gauld €: Mitchell, 1977), although some 
larger species attack Noctuidae and Saturniidae, and a 
few species are known to parasitize Papilionoidea. 
Oviposition is into the host larva and the adult ich- 
neumonid always emerges from the host pupa 
(Tothill, 1922). 

Anomalonines are easily recognized by their 
elongate slender appearance (Fig. 12.71), lack of any 
areolet (Figs 12.09, 12.17) and reticulate propodeum 
(Fig. 12.46). The subfamily is represented in Costa 
Rica by about 30 species. Species of Anomalon are 
common throughout the country, from over 2500 
metres on the Cerro de la Muerte, to the coastal plain 
in Corcovado National Park. Many (formerly placed 
in Neogreeneia) are restricted to very humid sites, 
whilst typical Anomalon species occur in very dry 
areas. Species of Corsoncus may also be found in the 
seasonally dry habitats, whilst several species of 
Philodrymus and Podogaster occur in humid lowland 
forests, as do some species of the morphologically 
aberrant genus Ophionellus, a taxon with very 
reduced wing venation and a very elongate 
metasoma. Other species of this genus are to be 
found in very dry open scrubby areas. At higher alti- 
tudes species of Aphanistes and Habronyx occur. 
Other genera occurring in Costa Rica include 
Agrypon, Gravenhorstia, Ophiopterus,  Parania 
Trichomma and Phaenolabrorychus. Gauld (1976a) 
gives a key to world genera, and a monograph cover- 
ing the Costa Rican species is currently in 
preparation. 


BANCHINAE 


The Banchinae is a large and diverse subfamily that 
is well-represented in most regions. Banchines are 
koinobiont endoparasitoids of lepidopterous larvae; 
many of the species with long ovipositors attack dit- 
rysian microlepidopterous hosts, especially Pyralidae, 
concealed in leaf rolls and soft plant tissue, while 
species with short ovipositors attack more exposed, 
macrolepidopterous larvae, especially Noctuidae 
(Fitton, 1985). Oviposition is often into the first, 
second or third instar host larva, although some- 
times all instars except the last are acceptable (Veen, 
1982; Slovák, 1986a). The host is killed as a 
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Fig. 12.71. Philodrymus sp. (Anomaloninae). 


prepupa (Mathur, 1967b; Danthanarayana et al., 
NOA). 

As a group, the Banchinae is rather difficult to char- 
acterize. Females of most species have a dorsal 
subapical notch on the ovipositor though this is 
lacking in one undescribed Costa Rican genus. Species 
of the tribe Glyptini have impressed V-shaped grooves 
on metasomal tergites H to IV (Fig. 12.51). Species in 
the other two tribes, Banchini and Atrophini, often 
have the propodeum smooth with only the posterior 
transverse carina present (Fig. 12.54) and many have 
the submetapleural carina anteriorly expanded into a 
lobe. 

Banchines are abundant in Costa Rica, where the 
fauna comprises about 150 species (Gauld, 1991), and 
specimens can be encountered in most habitats. In dry 
forests some species of Mnioes have been the most fre- 
quently collected of all ichneumonids for much of the 
wetter part of the year, whilst in wetter areas species 
of Deleboea, Eudeleboea, Hapsinotus and Syzeuctus are 
often common. Diradops is species-rich in open drier 


habitats, and species of Exetastes are common in 
similar habitats, especially above 2000 metres. At 
high altitude, above 2500 metres, species of Glypta, 
Lissonota and Zaglyptomorpha can be found throughout 
most of the year. Other genera known to be repre- 
sented in Costa Rica include Hadrostethus, Isomeris, 
Lissocaulus, Loxodocus, Meniscomorpha, Occia and 
Procestus. 

Currently there are no usable keys to species in 
Central America, but many genera may be recognized 
using Townes (1970b). However, a number of quite 
distinctive species-groups do not fit well into any of 
the described genera. A study of the Costa Rican 
fauna is currently being undertaken by J. Ugalde. 


BRACHYCYRTINAE 


The Brachycyrtinae is a small group of taxa that were 
previously included in the subfamily Labeninae 
(Townes, 1969; Gauld, 1991). Wahl (1993b) presented 
evidence for treating them as a separate subfamily and 
his interpretation is followed here. 
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Fig. 12.72. Delopia sp. (Campopleginae). 


The Brachycyrtinae is most species-rich in south- 
ern South America and Australia (Gauld, 1983), 
although one genus, Brachycyrtus, is cosmopolitan. 
Brachycyrtines are idiobiont ectoparasitoids of a 
variety of cocooned hosts: species of some Australian 
genera attack spider egg sacs (Gauld, 1984) and 
species of Brachycyrtus attack cocooned Chrysopidae 
(Neuroptera) (Cushman, 1936). 

Only the nominate genus is present in Costa Rica. 
It is easily recognized by its characteristic venation 
(Fig. 12.10). 

Brachycyrtus. A small cosmopolitan genus of 

Brachycyrtinae represented in Costa Rica by about 

five species, mostly in lowland forests. Walkley 

(1956) gave a key to species. 


CAMPOPLEGINAE (= Porizontinae) (Whole insect, 
Fig. 12.72) 


The Campopleginae is a very large, cosmopolitan sub- 
family. Species are koinobiont endoparasitoids; some 
attack the larvae of tenthredinoid sawflies, a small 
number parasitize the larvae of phytophagous beetles 
(Chrysomelidae, Curculionidae and Cerambycidae) or 
Rhaphidiidae (Neuroptera), but the great majority 
attack larvae of Lepidoptera. A wide variety of lepi- 
dopterans are used as hosts including members of most 
macrolepidopteran families and many ditrysian 
microlepidoptera. Species of several genera, such as 
Microcharops and Casinaria, attack the larvae of 
butterflies (Gupta, 1988; Jerman & Gauld, 1988). 


Although the host range of the subfamily as a whole is 
extremely wide, some genera have very narrow host 
ranges. For example, in Costa Rica, members of the 
genus Cryptophion have only been reared from sphin- 
gid or ceratocampine saturniid larvae (Gauld & Janzen, 
1994). Like other koinobiont ichneumonids, most 
campoplegines delay killing the host until that host is a 
prepupa and in some way concealed in a pupation 
retreat. However, in some genera, such as Charops, 
Microcharops and Cryptophion, the host is killed when it 
is only partly grown and exposed on the plant. 

The Campopleginae are a fairly uniform group. All 
have a dorsal subapical notch in the apex of the 
ovipositor, and often the ovipositor is evenly up- 
curved. Most are black or mainly black with the meta- 
soma strongly laterally compressed, and a slender first 
tergite with the spiracles far behind the centre (Fig. 
12.71). The sculpture of the face and mesoscutum is 
often more or less granulate and area superomedia of 
the propodeum is generally open posteriorly. 

The Campopleginae is represented in Costa Rica by 
about 150 species. The large cosmopolitan genera 
Delopia (= Dusona), Diadegma (= Angitia), Casinaria, 
Venturia and Hyposoter are all quite species-rich, as are 
some of the more or less endemic neotropical genera 
such as Microcharops and Cryptophion. Many of the 
cosmopolitan genera are widely distributed through- 
out the country, but Microcharops and Cryptophion 
have only been collected below about 1600 metres. 
Another cosmopolitan genus, Enytus, is well-repre- 
sented at higher altitude sites, and several species of 
the morphologically aberrant genus Nonnus occur in 
mid-altitude humid forests. Other widespread genera 
represented in Costa Rica include Campoctonus, 
Charops, Cymodusa and Prochas. A number of species 
do not fit well into any described genus and several 
groups of Central American species probably warrant 
separate generic status. 

The species of Microcharops have recently been 
revised by Gupta (1988), and a revision of the species 
of Cryptophion has been completed by Gauld and 
Janzen (1994), but there are no keys to the majority of 
campoplegines present in Central America. The generic 
key presented by Townes (1970b) is the best available 
work on the group, but it is far from satisfactory. 


CREMASTINAE 


The Cremastinae is a moderately large, mainly tropi- 
cal and subtropical subfamily which, unlike many 


other ichneumonid groups, can be quite species-rich 
in dry, sunny areas. Cremastines are koinobiont 
endoparasitoids of the larvae of Lepidoptera and less 
commonly of phytophagous Coleoptera. Many attack 
hosts feeding in weakly concealed situations, such as 
leaf rolls, tunnels in shoots, and soft fruits, although a 
number of common species of Eiphosoma attack more 
exposed hosts such as noctuid larvae. The host is 
usually killed as a prepupa, or less commonly as a 
pupa. 

Cremastines are often mistaken for campoplegines 
which they superficially resemble. However, they 
differ in the position of the insertion of the hind tibial 
spurs (see Figs 12.62, 12.63). Most also have the 
first abscissa of Rs in the hind wing much shorter 
than rs-m (Fig. 12.26). Many also have tergite II 
striate and the propodeum with a clearly defined 
coffin-shaped area superomedia (Fig 12.48). Unlike 
campoplegines some cremastines have the ovipositor 
apex decurved or sinuous, and/or the hind tibia with 
a ventral tooth; no campoplegine is known to have 
these features. 

The Cremastinae is represented in Costa Rica by 
about 50 species belonging to eight genera. These 
may be distinguished using Table 12.2. A comprehen- 
sive generic key is given by Townes (1971). 


Creagrura®®, A small neotropical genus with a 
single species, C. nigripes, present widely through- 
out Costa Rica from sea-level up to about 1500 
metres. 


Eiphosoma. A very large New World genus with 
about ten species in Costa Rica. Species of 
Eiphosoma are often encountered along the edges of 
forests and in overgrown pastures. These slender 
insects are particularly conspicuous as they have a 
rather slow up-and-down flight, with their legs and 
antennae outstretched. Costa Lima (1953) gave a 
key to some of the neotropical species. 


Eutanygaster*, A small neotropical genus with a 
single species in mid altitude forests in Costa Rica. 


Pristomerus. A very large, cosmopolitan genus 
with at least 15 species present in Costa Rica. 
Pristomerus species occur in a variety of habitats, 
from sea-level up to over 2500 metres. There are 
no keys to species. 
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Figs 12.73-12.82. Cremastinae. Figs 12.73-12.75. Anterior segments of metasoma and hind femur; 12.73, Pristomerus sp.; 
12.74, Xiphosomella sp.; 12.75, Eiphosoma sp. Fig. 12.76. Posterior segments of metasoma, Creagrura sp. Fig. 12.77. Anterior 
segments of metasoma, Temelucha sp. Figs 12.78—12.80. Distal part of fore wing; 12.78, Pristomerus sp.; 12.79, Ptilobaptus sp.; 
12.80, Eutanygaster sp. Figs 12.81-12.82. First segment of metasoma, ventral view; 12.81, Temelucha sp.; 12.82, Trathala sp. 


—Tergite II with thyridium (Figs 12.73-74) 


—Areolet present and hind femur without tooth below; 


ovipositor short, very strongly curved down (Fig. 12.76) Creagrura 


—Areolet absent or hind femur with tooth below (Fig. 12.73); 
ovipositor long, proximally straight 


—Thyridium close to anterior end of tergite II (Fig. 12.73); 
areolet absent (Fig 12.78); ovipositor tip often sinuate 


—Thyridium close to centre of tergite II (Fig. 12.74); areolet 
usually present, ovipositor tip not sinuate 


—Tergite II without thyridium (Figs 12.75, 12.77) 


—Laterotergite II folded up under tergite (Fig 12.77) 


—Areolet present (Fig. 12.79) 


—Areolet absent (cf Fig. 12.78) 


—Margins of tergite I + touching ventrally (Fig. 12.81) 


—Margins of tergite I parallel, not touching below (Fig. 12.82) 


—Laterotergite II pendant, exposed (Fig. 12.75) 


Ptilobaptus 


Temelucha 


Trathala 


-Hind femur with ventral tooth (Fig. 12.75); fore wing with 


2rs-m distinct, often with areolet complete (cf Fig. 12.79) 


Eiphosoma 


—Hind femur without ventral tooth; fore wing with 


2rs-m virtually obliterated as M is contiguous with Rs (Fig. 12.80) 


Table 12.2. 


Ptilobaptus“®, A small neotropical genus with a 
single species present in Costa Rica in lowland 
Atlantic forests between 300 and 600 metres. 


Temelucha. A very large cosmopolitan genus with 
about ten species present in Costa Rica. Species 
have been encountered in most habitats from sea- 
level to over 2500 metres. 


Trathala. A very large cosmopolitan genus with 
about ten species present in Costa Rica. Most 
species have been collected in mid altitude forest 
habitats between 1000 and 2200 metres. Around 
the upper limits of this range several unusually 
large species, with a fore wing length about 15 
mm, occur. 


Eutanygaster 


Identification table for Costa Rican genera of Cremastinae. 


Xiphosomella. A large and primarily neotropical 
genus with two species in the southern United 
States. It is represented by about ten species in 
Costa Rica, mostly below 2000 metres. 
Xiphosomella species are often encountered along 
the edges of forests. They are very slender insects 
with a slow up-and-down flight. There are no keys 
to species. 


CRYPTINAE (= Gelinae or Phygadeuontinae). (Whole 
insect Fig. 12.07). 


The  Cryptinae is the largest subfamily of 
Ichneumonidae and species of this cosmopolitan group 
may be encountered in virtually all terrestrial habi- 
tats. The subfamily includes some of the most conspic- 
uous and abundant of all Costa Rican ichneumonids. 


12.1 Ichneumonidae = 0 


Nomenclaturally this group has had a particularly 
complex history (see Fitton & Gauld, 1976, 1978), but 
for the previous 15 years the oldest valid name based 
on rigorous interpretation of the International Code of 
Zoological Nomenclature, Phygadeuontinae, had gained 
a wide measure of acceptance. However, using their 
plenary powers, the International Commission on 
Zoological Nomenclature recently overturned good 
scholarship and the strict application of their own 
rules, preferring instead to validate names used by a 
few workers who had earlier chosen to ignore estab- 
lished ICZN rules of nomenclature. The Commission 
validated the use of Cryptus Fabricius, 1804 (for the 
genus Itamoplex), and the family-group name 
Cryptinae, by suppressing the heretofore perfectly 
valid senior name Cryptus Panzer, 1804 (Opinion, 
1757). Unfortunately, there is no appeal against such 
arbitrary abuse of plenary power by those charged 
with supposedly conserving nomenclatural stability, 
so I am here reluctantly adopting the use of Cryptinae 
for the group I have, in previous publications, referred 
to as the Phygadeuontinae. Certain changes in tribal 


and subtribal nomenclature must also follow, and 
these are summarized in Table 12.3. 

Townes (1970a) divided the subfamily into three 
tribes. Two of these, Cryptini (= Mesostenini) and 
Phygadeuontini, are quite distinctive, but the limits of 
the third (and consequently its name) have been 
subject to some disagreement. Townes (1970a) 
included two dissimilar groups of genera, the 
Hemigaster and Aptesis groups, in this tribe. The 
former do not share any derived characteristics with 
the Aptesis group of genera, so I prefer instead to place 
the hemigastrines in the Cryptini, leaving a distinctive 
third tribe, the Aptesini, comprising predominantly 
north temperate genera. 

Most tropical species of Cryptinae belong to the 
Cryptini, and the Aptesini and Phygadeuontini are 
apparently more species rich in temperate regions. 
Almost all studied cryptines are idiobiont ectopara- 
sitoids, although a very few north temperate species 
are more or less endophagous (e.g. Gelis vicinus in 
butterfly pupae), and a few others (the phygadeuon- 
tine subtribe Stilpnina) are koinobiont endoparasitoids 


Townes, 1970a 


GELINAE 
Gelini (14 subtribes) 
Echthrini (no subtribes) 


Mesostenini 
Agrothereutina 
Ischnina 
Baryceratina 
Mesostenina 
Glodianina 
Goryphina 
Lymeonina 
Coesulina 
Vagenathina 
Ateleutina 
Melanocryptina 
Ceratocryptina 
Nematopodiina 
Gabuniina 
Sphecophagina 


Fitton & Gauld, 
1978 


PHYGADEUONTINAE 
Phygadeuontini (same 14 subtribes) 
Hemigasterini (no subtribes) 


Mesostenini 
Agrothereutina 
Hedycryptina 
Baryceratina 
Mesostenina 
Glodianina 
Goryphina 
Lymeonina 
Coesulina 
Vagenathina 
Ateleutina 
Melanocryptina 
Ceratocryptina 
Osprynchotina 
Gabuniina 
Sphecophagina 


Present work, following 
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CRYPTINAE 
Phygadeuontini (same 14 subtribes) 
Aptesini! (no subtribes) 


Cryptini 
Agrothereutina 
Cryptina 
Baryceratina 
Mesostenina 
Glodianina 
Goryphina 
Lymeonina 
Coesulina 
Vagenathina 
Ateleutina 
Melanocryptina 
Ceratocryptina 
Osprynchotina 
Gabuniina 
Sphecophagina 


Table 12.3. A summary of principal usages of family-group names in the Cryptinae from 1970-1994. ! Note 
that the usage of Aptesini for this group results not from nomenclatural change, but from the fact that the 
Hemigaster group of genera are probably best placed in the Cryptini, not with the large Aptesis group of genera. 


of Diptera (Gauld, 1988c), Some tropical cryptines, 
particularly those in the Polycyrtus genus-group, 
develop as endoparasitic koinobionts of Lepidoptera 
(D.H. Janzen, pers. comm.). The commonest hosts of 
Cryptinae are endopterygote pupae or prepupae 
enclosed in cocoons or plant tissue. Several are known 
to attack lepidopterans, including a species of 
Mallochia, which in Mexico attacks a pyralid (Smith et 
al., 1990), Chirotica spp. which parasitize bagworms 
(Psychidae) throughout the World, and Baryceros spp. 
which attack limacodids. Many smaller cryptines, 
especially species of Isdromas and related genera, 
develop as pseudohyperparasitoids in the cocoons of 
other ichneumonids. Other cocoon-like structures, 
such as spider egg sacs are also attacked (Fitton et al., 
1987), and an African species attacks the egg masses 
of a curculionid (Kerrich, 1969). Some Cryptini, 
including those of the large and predominantly tropi- 
cal subtribe Gabuniina, attack hosts concealed in 
wood (Gupta & Gupta, 1983) and members of the sub- 
tribes Osprynchotina and Sphecophagina attack the 
immature stages of aculeate Hymenoptera in their 
nests (Janvier, 1967; Donovan, 1991). Some members 
of the subtribe Lymeonina, such as species of 
Toechorychus and Pachysomoides, are common para- 
sitoids of social vespids, whilst a species of Lymeon has 
been reared in Brazil from the pupa of an argid sawfly 
(Dias, 1976). Although a considerable amount of 
information is available about the host relationships 
of some Cryptinae, virtually nothing is known about 
the biology of many of the large tropical genera. 

Structurally this is a very diverse subfamily. Most 
species have the metasoma depressed and tergite I 
with the spiracles at or beyond the centre, the fore 
wing with a pentagonal or quadrate areolet (that 
may lack 3rs-m externally) and possess a long ovipos- 
itor (Fig. 12.73). The ovipositor has no dorsal notch 
(but it may have a ridge or nodus) and the tarsal 
claws are simple. Smaller species resemble some ich- 
neumonines but they often have the clypeus more 
convex, possess a deep sternaulus and have flexible 
ovipositor sheaths. 

The Cryptinae is very species-rich in Costa Rica, and 
probably includes more than 500 species. A consider- 
able number belong to just four genera, Cryptanura, 
Polycyrtus, Lymeon and Diapetimorpha, but other 
cryptine genera represented in Costa Rica include 
Acerastes, Agonocryptus, Baryceros, Biconus, Bicris- 
tella, Bicryptella, Camera, Cestrus, Cryptohelcostizus, 


.12 The ichneumonoid families 


Cryptopteryx, Digonocryptus, Joppidium, Lamprocryptidea, 
Latosculum, Mallochia, Messatoporus, Pachysomoides, 
Photocryptus, Polycyrtidea, Priotomis, Prosthoporus, 
Toechorychus, Trachysphyrus and Whymperia. Most of 
these genera include medium sized to large, black-and- 
white striped cryptines that are common in forests from 
sea-level up to 1500 metres. In drier habitats brownish 
species with yellowish wings are abundant. In almost 
all areas small, gaudy black-white-red patterned species 
of Lymeon and Diapetimorpha abound. In the cooler 
regions above 2500 metres the Cryptinae is represented 
by numerous drab small blackish, reddish or brown 
species. At these higher altitude sites species of the 
other large tribe, the Phygadeuontini seem to be more 
common than they are in the lowlands. Genera repre- 
sented include Lissaspis, Isdromas, Distathma, Mastrus, 
Amphibulus and Stilpnus, and one or two apterous, ant- 
like species of Gelis occur on the Cerro de la Muerte. 

Townes (1970a) provides a key to genera, but this 
can be difficult to use, at least at the subtribal level. 
Although many of the species present in Costa Rica 
can be clearly assigned to a genus many cannot and 
considerable effort will be necessary to establish 
generic limits in tropical America. Modern species- 
level treatments include Porter (1967) on 
Trachysphyrus, Porter and O'Neill (1985) on 
Chromocryptus, S. Gupta (1982) on Agonocryptus and 
S. Gupta (1983) on Prosthoporus. Cushman (1931, 
1945) provides useful keys to neotropical species of 
Polycyrtus and Cryptanura although many additional 
and undescribed species are now known. 


CTENOPELMATINAE (= Scolobatinae). 

This is a large, mainly north temperate subfamily. In 
sub-boreal parts of northern Europe ctenopelmatines 
comprise about 18 percent of the species (Jussila, 
1965, 1984) and farther south, in Britain, the group 
still accounts for more than 10 percent of the species- 
richness (Gauld, 1984). However, the subfamily is 
generally very poorly represented in tropical habitats, 
and only about ten species have been described from 
the Neotropical region (Townes & Townes, 1966). The 
vast majority of ctenopelmatines are koinobiont 
endoparasitoids of larval tenthredinoid and mega- 
lodontoid sawflies, although a very few species are 
known to attack Lepidoptera (Heath, 1961; Gauld, 
1984). The female generally oviposits into a middle or 
late instar larva, but many species that have slender 
ovipositors oviposit into the egg or young larva 


(McConnell, 1938). Usually the host is not killed until 
after it has spun a cocoon (Graham, 1953; Pschorn- 
Walcher, 1967). 

The Ctenopelmatinae is a very difficult group to 
characterize. Species are generally rather stout, and 
most have short ovipositors that generally have a long 
subapical notch, although a few species with very 
slender ovipositor apices lack a notch; the ovipositor 
sheath frequently is only hirsute near its apex (Fig. 
12.69). The metasoma is generally cylindrical with 
tergite I with spiracles at or before the centre. Many 
have rather stout, long and weakly tapered mandibles 
and often the upper tooth is slightly shorter than the 
lower one. 

Ctenopelmatines are generally quite scarce in Costa 
Rica, although there are at least three times as many 
species in the country than have been described for all 
of America south of the United States. I have seen 
about 30 species, mostly belonging to the genera 
Coelorhachis, Physotarsus and Phobetes. Other genera 
include Asthenara; Lathrolestes Nanium, Onarion, 
Perilissus Rhorus, and several apparently undescribed 
taxa. The generic keys given by Townes (1970b) are 
extremely difficult to use. A monograph on the Costa 
Rican species is currently nearing completion. 


CYLLOCERIINAE (= Microleptinae in part) 

The Cylloceriinae is a small subfamily containing only 
two genera, Allomacrus and Cylloceria (Wahl, 1990). 
The former is restricted to the Holarctic region whilst 
the latter extends from the Holarctic region into the 
Neotropics. Males may easily be recognized by the 
presence of deeply concave areas on the third and 
fourth flagellar segments (Fig. 12.67), although 
females resemble banchines, but lack a dorsal subapi- 
cal notch in the ovipositor. 


Cylloceria. A small genus represented in Costa 
Rica by four species; three occur at altitudes above 
2000 metres, while the fourth is widespread in 
lower montane wet forests. A key to species is pro- 
vided by Gauld (1991). A North American species 
of Cylloceria is a koinobiont endoparasitoid of the 
larvae of Tipulidae (Diptera) (Wahl, 1986). 


DIPLAZONTINAE 

The Diplazontinae is a relatively small cosmopolitan 
subfamily that is most diverse in the North Temperate 
region. Diplazontines are koinobiont endoparasitoids, 
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mostly of aphidophagous Syrphidae (Diptera). Females 
oviposit into the host larva, or in a few species, into 
the egg (Rotheray, 1981b), and adult progeny emerge 
from the host puparium. In temperate regions dipla- 
zontines can be very common around aphid colonies 
and the males of some species form swarms. 

In Costa Rica Diplazontines are easily recognized by 
the apparently tridentate mandible (Fig 12.40). The 
neotropical species have been monographed by Dasch 
(1964), but this work is based on very little material 
and no species were recorded from Costa Rica. In Costa 
Rica the approximately 13 species of diplazontines are 
generally scarce and most species have been encoun- 
tered above 2000 metres. Most belong to the genus 
Woldstedtius (= Syrphoctonus sensu Townes, 1971), but 
other genera present include Diplazon, Enizemum, 
Promethes, Schachticraspedon, Sussaba, Syrphidepulo and 
Syrphoctonus (= Homotropus sensu Townes,1971). A 
revision of the Costa Rican species by Paul Hanson and 
Ian Gauld is currently nearing completion. 


ÍCHNEUMONINAE 


(Whole insect, Fig. 12.83). The Ichneumoninae is an 
extremely large, cosmopolitan subfamily that rivals 
the Cryptinae in size. Ichneumonines are specialist 
endoparasitoids of Lepidoptera. Many seem to be 
extremely host specific and some groups of species 
have very narrow host ranges. For example, the large 
colourful species of the subtribe Trogina attack 
Papilionidae, the subtribe  Callojoppina attack 
Sphingidae (Ward & Gauld, 1987), the Listrodromini 
attack Lycaenidae and the majority of Platylabini 
attack Geometridae (Heinrich, 1960). All ichneu- 
monines emerge from the pupa of their host; some 
actually oviposit into the pupa, but many species 
oviposit into the final instar larva (Hinz, 1983). Many 
of these koinobionts place their eggs in sites where 
they are not in direct contact with the host's 
haemolymph, such as the gut wall (Veen, 1981) or a 
salivary gland (Strickland, 1923), a behaviour which 
perhaps protects them against the immuno-defensive 
system of their host (Salt, 1968). 

Ichneumonines abound in all terrestrial habitats in 
Costa Rica and they have even been collected in the 
centre of a banana plantation. I have seen between 
300 and 400 species, but the total number in Costa 
Rica could be considerably higher as many of the 
larger species, collected by hand-netting, are often not 
present in Malaise trap samples. Two of the largest 
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Fig. 12.83. Joppa sp. (Ichneumoninae). 


ichneumonine genera in Costa Rica are Carinodes and 
Joppa. Species of the former are common in seasonally 
dry habitats and agroecosystems, while the character- 
istically yellow and black patterned Joppa species can 
be common in wet forests. For neither genus is a 
single host known. At high altitudes species of 
Platylabini are frequently encountered and the 
Phaeogenini is very species-rich. Other genera known 
to occur in Costa Rica include Abzaria, Areoscelis, 
Coelichneumon, Conopyge, Cryptojoppa, Diacantharius, 
Dilopharius, Diphyus, Eutanyacra, Ichneumon, Joppo- 
cryptus, Limonethe,  Lobaegis, Lophojoppa, Lusius, 
Macrojoppa, Matara, Microsage, Notacma, Oedicephalus, 
Ortezia, Pedinopelte, Plagiotrypes, Platylabus, Proto- 


pelmus, Rhabdotus, Setanta, Tetragonochora, Tricholabus, 
Tricyphus and Trogomorpha. 

The Ichneumoninae is a distinctive group. Most 
species have the metasoma dorsoventrally depressed, 
tergite I with spiracles far behind the centre, and a 
short ovipositor that is slender, lacks a dorsal subapi- 
cal notch and is unusual in being encased in a very 
rigid sheath (Fig. 12.72). All have a complete areolet 
that is either pentagonal or virtually rhombic, but 
sessile (Figs 12.11, 12.12), and most have the 
clypeus/lower face flat (Fig. 12.35). Many are large 
and brightly coloured insects. 

There are no keys to the Central American genera 
except for the synoptic appendix provided by Townes 


and Townes (1966). Heinrich (1977) monographed 
the species of Florida and provided illustrated keys to 
the nearctic genera of Ichneumoninae; this publica- 
tion may be of some use in Central America. Ward 
and Gauld (1987) provide a key to the Mesoamerican 
genera of the Callajoppina. Like the Cryptinae, consid- 
erable problems remain with defining generic limits 
for tropical American ichneumonines and many 
species cannot currently be assigned to any genus. 


LABENINAE 


The Labeninae is a moderately small subfamily which 
is most species-rich in South America and Australia 
(Gauld, 1983; Wahl, 1993b); a few species occur 
northwards into North America and Indonesia, but 
this subfamily is otherwise not present elsewhere. It is 
divided into three rather distinctive tribes, Labenini, 
Groteini and Poecilocryptini. The first two occur in the 
New World and the Australian region, whilst the 
Poecilocryptini is endemic to Australia. Labenines are 
idiobiont ectoparasitoids; species of Labenini parasitize 
the pupae or prepupae of wood-boring Coleoptera and 
Siricidae (Townes € Townes, 1960; Hocking, 1967) 
and Groteini are parasitoids of aculeate Hymenoptera, 
especially of bees (Graenicher, 1905; Janvier, 1967; 
Slobodchikoff, 1967). Some complete their larval 
development by consuming the host's pollen store. 
Labenines are easily recognized by their rather 
large complete areolets in the fore wing (Fig 12.20), 
and by having the metasoma inserted into the 
propodeum above and slightly away from the inser- 
tion of the hind coxae (Fig. 12.64). About 30 species 
of Labeninae in three genera occur in Costa Rica. 
These genera may be distinguished using Table 12.4. 
Comprehensive keys are given by Townes (1969). 


Certonotus (= Apechoneura). This large genus of 
Labenini is widespread in Australia, and in the New 


World from southern South America north to 
Mexico. About 10 species occur in Costa Rica. 
Certonotus species are, on account of the extremely 
long ovipositor and bright colour pattern, amongst 
the most spectacular of Costa Rican ichneumonids. 
Most are generally only encountered in lowland or 
premontane wet forest habitats below 1000 metres. 
There is no key to species. 


Grotea. A small genus of Groteini widely distributed 
in the New World, and with about five species in 
Costa Rica in low to mid altitude sites. Slobodchikoff 
(1970) gave a key to North American species of 
Grotea. 


Labena. A very large genus of Labenini distributed 
throughout Australia and the New World north to 
southern Canada. About 15 species occur in Costa 
Rica. Labena species are common in seasonally dry 
forests during the dry season and I have seen indi- 
viduals investigating holes in fence posts in open 
countryside in Guanacaste. There is no key to the 
New World tropical species. 


LYCORININAE 


This subfamily contains a single cosmopolitan genus, 
Lycorina. Little is known about the biology of the 
group, but some species are known to parasitize 
weakly concealed lepidopterous larvae such as 
pyralids (Finlayson, 1976; Short, 1978). 


Lycorina. About eight species have been found in 
Costa Rica. One is common in lowland Pacific 
forests, but the rest are seldom collected and seem 
to be restricted to humid forests from sea-level up to 
about 2000 metres. The dry forest species has been 
reared from a species of Lampronia (Prodoxidae). 
Lycorina species are easily recognized by the 


A with transverse sharp ridges 


—Mesoscutum smooth to punctate 


—Hind wing with 1-3 hamuli in basal group 


—Hind wing with about 6 hamuli in basal group 


Table 12.4. 


Identification table for Costa Rican genera of Labeninae. 


impressed triangular areas on metasomal tergites 
I-IV (Fig. 12.50) and the possession on the metan- 
otum of a small hook (or ‘catch’) that engages a 
process on metapostnotum (Fig. 12.53). A key to 
species is currently nearing completion (Gauld, in 
prep.). 


MESOCHORINAE 


The Mesochorinae is a moderately large, cosmopolitan 
subfamily. Most species are small and easily over- 
looked, but a few nocturnal species (of Cidaphus) are 
large and resemble ophionines. Mesochorines are 
endoparasitic koinobionts; they are obligatory hyper- 
parasitoids that develop within the larva of another 
parasitoid living on (Gauld & Bolton, 1988), or most 
commonly within (Wahl, 1993a), a primary host. 
Oviposition is into the primary parasitoid larva even 
when it is within the primary host (Yeargan & 
Braman, 1989); the parasitoid host is generally killed 
after it has killed the primary host and has con- 
structed a cocoon. Although it has been claimed 
(Dasch, 1971) that some mesochorines are primary 
parasitoids, there is little evidence to support such a 
supposition (Haeussler, 1940; Wahl, 1993a). 

The primary host of parasitoids attacked by meso- 
chorines is frequently a lepidopteran or symphytan 
larva, but curculionid larvae (Coseglia et al., 1977) 
and even mirids or psocopterans may serve (Waloff, 
1967; King, 1971; Carlson in Krombein et al., 1979). 
The smaller mesochorine species are often reared from 
microgastrine braconids, but a variety of ichneu- 
monoids including meteorine, euphorine and macro- 
centrine braconids, and anomalonine, banchine, 
campoplegine, metopiine and tryphonine ichneu- 
monids commonly serve as hosts (Carlson in 
Krombein et al., 1979; Wahl, 1993a). Species have 
also been reared from tachinids (Short, 1978). 

With practice mesochorines are one of the easiest 
ichneumonid groups to recognize. Males have the 
gonosquama elongated and rod-like while females 
have a large subgenital plate and the very slender 
ovipositor encased in a stout and rigid sheath (Fig. 
12.43). Most species are small and have a large 
rhombic areolet in the fore wing (Fig. 12.15). 

The Mesochorinae is well-represented in Costa Rica 
and I have seen about 40 species from a variety of 
habitats belonging to two genera. Dasch (1974) gave 
keys to the genera and species of the Neotropical 
Region. Wahl (1993a) presents a phylogenetic 
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classification of the genera of the group. The two 
genera in Costa Rica are easily distinguishable; 
Cidaphus species are large with a distinct distal 
abscissa of Cul in the hind wing while Mesochorus 
species are smaller and have no trace of this vein. 


Cidaphus. A small cosmopolitan genus of large 
species with an ophionoid facies. Two species occur 
in Costa Rica, C. rostratus, which is common in low 
and mid altitude sites and an undescribed species 
from high altitude on the Cerro de la Muerte. The 
former has been reared by D.H. Janzen in Santa Rosa 
National Park from a Thyreodon species (Ichneu- 
monidae: Ophioninae) attacking a sphingid larva. 


Mesochorus (including Stictopisthus). An exceed- 
ingly large cosmopolitan genus of small to moder- 
ately large species, at least 40 of which have been 
collected in Costa Rica where they are widely dis- 
tributed and present in all habitats sampled. Several 
species have been reared from microgastrine 
braconid parasitoids of sphingids. 


METOPIINAE 


The Metopiinae is a medium-sized, cosmopolitan sub- 
family. Metopiines are koinobiont endoparasitoids of 
Lepidoptera; oviposition is into the host larva and the 
parasitoid emerges from the host's pupa. Some metopi- 
ines oviposit into a specific site within the host, such 
as the cephalic ganglion (Gerig, 1960), or in the wall 
of the hind gut by inserting the ovipositor into the 
host's anus (Aeschlimann, 1974). In the North 
Temperate region species of several genera have been 
reared as parasitoids of lepidopteran forest pests 
(Carlson in Krombein et al., 1979); since numerous 
species of these genera occur in tropical forests, many 
will no doubt be found to attack Lepidoptera that 
could assume economically important status in forest 
regeneration programmes. 

Metopiines, except for Metopius species, have a 
convex face with no impression separating the clypeus 
dorsally or laterally; Metopius species have a shield- 
shaped area on the face bounded by carinae (Fig. 
12.36). All metopiines have a  dorsoventrally 
depressed metasoma and a very short ovipositor. Most 
also have stout legs with swollen femora which tend 
to 'fit into' mesosomal depressions. 

The Metopiinae is represented in Costa Rica by 
between 60 and 70 species belonging to 11 genera. 


These may be discriminated using Table 12.5. 
Townes (1971) provides a comprehensive key to 
genera, but there are no keys to species for Central 
America. 


Aplolophus**. A small New World genus with 
species present in the Andes of South America and 
in the Holarctic region, so it is expected to occur, 
probably at high altitude, in Costa Rica. 


Chorinaeus™. A large and predominantly holarctic 
genus with a single species present in Costa Rica. 


Colpotrochia. A large cosmopolitan genus that is 
best represented in the Oriental and American 
tropics. Three or four species have been found in 
Costa Rica. Species of Colpotrochia are quite com- 
monly encountered in lowland disturbed habitats. 
In flight they resemble vespids. 


Cubus©®, A small neotropical genus with a single, 
rather uncommonly collected species present in the 
seasonally dry forests of northwestern Costa Rica. 


Exochus^*. A very large genus comprising the 
majority of species in the subfamily. Most are rather 
small and mainly black insects. In Costa Rica about 
40 species have been collected, mainly in lowland 
and mid altitude forests, although species have been 
collected up to 3100 metres. 


Hypsicera. A large Old World tropical and subtrop- 
ical genus with one or two introduced species in 
tropical America, H. femoralis and H. curvator 
(Townes & Townes, 1966). The former has been 
found in Costa Rica. These insects are parasitoids of 
several synanthropic microlepidopterans that attack 
stored products and it is believed that they have 
been spread by human commerce (Fitton in Gauld, 
1984). 


Leurus. A small New World genus that is most 
species-rich in South America. Two or three species, 
including L. caeruliventris, have been found to occur 
in Costa Rica at altitudes between sea-level and 
1600 metres. 


Metopius. A large cosmopolitan genus represented 
in Costa Rica by about six species. They are quite 


commonly encountered in lowland disturbed habi- 
tats and none have been colleced above 1500 
metres. In flight, and in their buzzing when netted, 
they resemble vespids. 


Seticornuta®®, A predominantly Old World genus 
with one doubtfully placed nearctic species. This, or 
a very similar species, occurs at high altitude in 
Costa Rica. 


Synosis©®, A small genus present in the Holarctic 
region and South America. A single species has 
been collected at 2700 metres in Costa Rica. 


Triclistus^*, A cosmopolitan genus represented in 
Costa Rica by about five species. These have been 
found to occur in a variety of mid to high altitude 
sites, between 1000 and 3000 metres. 


Trieces^". A large cosmopolitan genus represented 
by about five species in Costa Rica. Most occur in 
relatively disturbed mid and low altitude sites and 
one is very common in lowland dry forest. 


OPHIONINAE 


The Ophioninae is a moderately large, cosmopolitan 
subfamily that is rather poorly represented in temper- 
ate regions, but is extremely species rich in the wet 
tropics (Gauld, 1985). Ophionines are koinobiont 
endoparasitoids of, predominantly, the larvae of 
macrolepidoptera that feed in exposed situations. The 
host is generally killed after it has constructed a pupa- 
tion retreat but before pupating. Some species pupate 
in the host pupa and one is known to pupate within 
the skin of the final-instar host larva, partially mum- 
mifying it. The great majority of ophionines are noc- 
turnally active and the females search for host larvae 
that feed at night; a few lowland species, belonging to 
the genera Thyreodon and Rhynchophion, are diurnally 
active. The greatest species-richness of ophionines, 
mainly Enicospilus species, occurs in lowland or mid- 
altitude forest sites. At high altitude, above 2500 
metres, species of Ophion predominate. Several species, 
such as Enicospilus trilineatus, E. glabratus and Ophion 
flavidus, can be extremely common in disturbed habi- 
tats and agroecosystems, where they attack a variety 
of noctuid pests. 

Ophionines are one of the easiest ichneumonid 
subfamilies to recognize. All lack 2rs-m and have 
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Figs 12.84—12.97. Metopiinae. Figs 12.84-12.85. Anterior segments of metasoma, lateral; 12.84, Leurus sp.; 12.85, 
Seticornuta sp. Figs 12.86-12.89. Propodeum and anterior two segments of metasoma, dorsal; 12.86, Colpotrochia sp.; 12.87, 
Chorinaeus sp.; 12.88, Trieces sp.; 12.89, Triclistus sp. Figs 12.90-12.91. Head and prothorax, lateral; 12.90, Colpotrochia sp.; 
12.91, Cubus sp. Figs 12.92-12.93. Face, anterior; 12.92, Triclistus sp.; 12.93, Exochus sp. Figs 12.94-12.97. Head, lateral: 
12.94, Apolophus sp.; 12.95, Hypsicera sp.; 12.96, Exochus sp.; 12.97, Leurus sp. 


p~ flat, with carina enclosing shield-shaped area (Fig. 12.36) 


—Face weakly to strongly convex 


—Laterotergites III-V absent 


—Tergite II sublaterally carinate to apex (Fig. 12.88) 


-Tergite II sublaterally not carinate to centre (Fig. 12.87) 


—Laterotergites I-V distinct (Figs 12.84—12.85) 


Metopius 


Trieces 


Chorinaeus 


—Antennal sockets separated by high lamella with a deep 


median groove dorsally (Fig. 12.92) 


—Propleuron inflated, coxa-like (Fig. 12.91) 


—Propleuron weakly convex (Fig. 12.90) 


—Tergite I slender (Fig. 12.86), sternite reaching 


+0.4 of its length 


Colpotrochia 


—Tergite I stouter (Fig. 12.89), sternite reaching 


0.2 of its length 


Triclistus 


—Antennal sockets not separated by high lamella (Fig. 12.93), 
or if one present it lacks a deep median groove dorsally 


—Areolet present 


—Propodeal spiracle circular; face weakly convex (Fig. 12.94) 


Apolophus™ 


—Propodeal spiracle elliptical; face strongly convex (Fig. 12.97) 


—Laterotergite II distinct (Fig. 12.85) 


—Laterotergite II + absent (Fig. 12.84) 


—Areolet absent 


—Back of head vertical behind posterior ocelli (Fig. 12.95) 


Seticornuta 


Leurus 


Hypsicera 


—Back of head sloping behind posterior ocelli (Fig. 12.96) 


—Front spur of mid tibia longer than hind spur 


—Hind spur of mid tibia longer than front spur 


Table 12.5. 


3rs-m distal to 2m-cu (Fig. 12.08) and differ from the 
only other taxa with such fore wing venation by pos- 
sessing a spurious vein that extends from the vannal 
notch to the hind corner of the wing. All have the 
metasoma compressed, tergite I slender with its spir- 
acle near the hind end, and possess a short, notched 
ovipositor. 


Synosis 


Exochus 


Identification table for Costa Rican genera of Metopiinae. 


The Ophioninae is represented in Costa Rica by 
about 110 species, belonging to ten genera. These 
may be discriminated using Table 12.6. More exhaus- 
tive keys to Central American genera and species are 
given by Gauld (1988b), and a key to neotropical 
genera in Spanish is furnished by Gauld and 
Lanfranco (1987). 
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Figs 12.98-12.103. 105 Ophioninae. Figs 12.98-12.99. Hind wing; 12.98, Ophiogastrella sp.; 12.99, Thyreodon sp. Fig. 
12.100. Mesosoma lateral, Ophiogastrella sp. Figs 12.101—12.103. Fore wing, distal part; 12.101, Ophiogastrella sp.; 12.102, 
Sicophion sp.; 12.103, Janzophion sp. 


Figs 12.104-12.106. Ophioninae. Figs 12.104-12.105. Propodeum and anterior segments of metasoma; 12.104, Thyreodon 
sp.; 12.105, Rhynchophion sp. Fig. 12.106, Hind trochantellar segments, Stauropoctonus sp. 


Enicospilus. An extremely large cosmopolitan 
genus whose greatest species-richness is found in 
lowland to mid-altitude forests throughout the 
tropics. About 80 species occur in Costa Rica in all 
habitats from sea-level up to about 1600 metres. 
Above this very few species occur, and only E. 
devriesi and E. georginae have been taken above 
2200 metres in Costa Rica. Known hosts of 
Enicospilus species include a wide variety of 
macrolepidopterous caterpillars (principally Noc- 
tuidae, Geometridae, Notodontidae, Lymantriidae, 
Lasiocampidae, Arctiidae and Saturniidae) that feed 
exposed on leaves (Gauld, 19885). 


Janzophion. A small mesoamerican genus compris- 
ing two species, one in Mexico and J. nebosus in 
Costa Rica and Panama (Gauld, 1988b). In Costa 
Rica this species seems to be restricted to rather 
high altitude wet forests between 1500 and 2500 
metres. Its host is unknown. 


Ophiogastrella. A small neotropical genus that is 
most species-rich in lowland dry forest habitats. 
Four species have been found to occur in Costa 
Rica, all in the dry northwest. One has been reared 
as a parasitoid of a geometrid (D.H. Janzen, pers. 
comm.). 


Ophion. A very large cosmopolitan genus that is 
most species-rich in temperate northern areas. It is 
represented in Costa Rica by about 12 species, eight 
of which only occur above 2000 metres (Gauld, 
1988b). The only species that occurs on the coastal 
plain, O. flavidus, is common in agricultural areas 
where it attacks noctuid pests. 


Prethophion. A neotropical genus comprising a 
single species, P. latus, that ranges from Bolivia 
north to Costa Rica. It is rarely encountered and a 
few individuals have been collected at altitudes 
between 600 and 1300 metres. Its host is 
unknown. 


Rhynchophion. A small New World genus with a 
single widespread species, R. flammipennis that 
occurs from Arizona south to Ecuador. In Costa 
Rica individuals have only been collected at the 
beginning of the wet season, in the seasonally dry 
lowlands in the northwest of the country. Its host is 
a sphingid (D.H. Janzen, pers. comm.). 


Sicophion. A small neotropical genus known only 
from montane wet forest sites, from Bolivia north to 
Costa Rica. A single species, S. fenestralis, occurs in 
Costa Rica where it has only been collected at 
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altitudes between 2000 and 2500 metres (Gauld, 
1988b). Its host is unknown. 


Simophion**. A small genus widespread in the 
drier parts of the world, including the southwestern 
United States and northern Mexico. One species is 
known to occur in Panama (Gauld, 1988b) and 
may be present in Costa Rica. Its host is unknown. 


Stauropoctonus. A small genus with isolated 
species in the Old World and tropical America. A 
single species, S. bicarinatus, has occasionally been 
collected in premontane and lower montane forests 
in Costa Rica. 


Figs 12.107-12.110. Ophioninae, scanning electron photomicrographs. Figs 12.107-12.108. Fore tibial spur; 12.107, Ophion 
sp.; 12.108, Enicospilus sp. Figs 12.109-12.110. Mandibles. 12.109, Ophiogastrella sp.; 12.110, Enicospilus sp. 


Thyreodon. A moderately large American genus, 
that is represented in Costa Rica by eight or nine 
species. They occur from sea-level up to about 1000 
metres though there are occasional records from 
higher altitudes. Many species inhabit rather open, 
dry country and seasonally dry forests whilst others 
are confined to humid forests. All are parasitoids of 
sphingids or of ceratocampine saturniids (Gauld, 
1988b). 


ORTHCENTRINAE (includes Helictinae sensu Gauld, 1991; 
= Microleptinae in part). 

This is a moderately large, cosmopolitan subfamily 
that is most species-rich in fairly cool, humid 


ccipital carina absent 


-Hind trochantellus with acute tooth (Fig. 12.106); mandibles twisted 90° 


-Hind trochantellus simple; mandibles barely twisted 


Stauropoctonus 


Fore wing with Rs+2r slender (cf Fig. 12.101); epicnemial 


carina absent laterally 


Prethophion 


Fore wing with Rs+2r basally broadened (Fig. 12.103); epicnemial 


carina present laterally 


ccipital carina + complete 


E wing with distal abscissa of Cul joining cu-a close to M (Fig. 12.99) 


— cell broadly glabrous anteriorly (Fig. 12.102) 


Janzophion 


Sicophion 


iscosubmarginal cell without a large glabrous area anteriorly 


Propodeum enlarged; tergite II elongate (Fig. 12.104) 


Propodeum not enlarged; tergite II quadrate (Fig. 12.105) 


Thyreodon 


Rhynchophion 


-Hind wing with distal abscissa of Cul joining cu-a + midway 


etween M and 14, or closer to 1A (Fig. 12.98) 


Fore tibial spur with membranous flange (Fig. 12.107) 


Fore tibial spur without membranous flange (Fig. 12.108) 


—Fore wing with Rs+2r straight (Fig. 12.101) and 
ndibles not twisted (Fig. 12.109) 


Epicnemial carina present laterally (Fig. 12.100) 


Epicnemial carina absent laterally 


Ophiogastrella 


SimophionE* 


—Fore wing with Rs+2r sinuous (often with free sclerite in discosubmarginal cell) 


and/or the mandibles twisted (Fig. 12.110) 


Table 12.6. 


shaded areas. In such habitats these small, and often 
rather delicate ichneumonids can be extremely 
numerous and comprise more than 30 percent of the 
ichneumonids in a Malaise trap sample. Very little is 
known about the biology of the group, but some 
species are koinobiont endoparasitoids of the larvae of 
Mycetophilidae (Diptera) (Wahl, 1986) and related 
families of Diptera. A species of Chilocyrtus was 
recently reared in Costa Rica from a sciarid larva 
feeding on fungi on frass in an abandoned stem mine 
(P. Hanson, pers. comm.) and a species of Megastylus 
known to occur in Costa Rica has been reared in 


Enicospilus 


Identification table for Costa Rican genera of Ophioninae. 


Colombia (in NHM collections) from the larva of the 
mycetophilid Neoditomyia colombiana. 

Species of the Orthocentrinae may be recognized by 
the possession of a fine fringe of close hairs on the 
apex of the hind tibia, by their slender mandibles and 
generally by the possession of an impressed subocular 
sulcus. Many are delicate small insects, and often 
have a rather humped appearance to the mesosoma, 
and a ‘pinched’ appearance to the face. Others have a 
convex face, rather like that of some metopiines, but 
they may be distinguished from metopiines by their 
long cylindrical antennal scapes. 


The Orthocentrinae is one of the least studied sub- 
families of Ichneumonidae and only the European and 
North American species have received close taxo- 
nomic attention. The fauna of the tropics is virtually 
unworked and despite the fact that orthocentrines are 
common in montane forests, only three species have 
been described from the entire Neotropical region 
(Townes & Townes, 1966). The Orthocentrinae is rep- 
resented in Costa Rica by about 75 species, many of 
which occur in the wet forests above 1200 metres. I 
have seen species belonging to Chilocyrtus, Eusterinx, 
Laepserus, Megastylus, Orthocentrus, Plectiscidea, 
Proclitus and Helictes, as well as some that cannot be 
placed to genus. Dasch (1992) has revised the nearc- 
tic species of the entire subfamily. 


OXYTORINAE (= Microleptinae in part) 


The Oxytorinae is a small subfamily comprising a 
single genus, Oxytorus (Wahl, 1990). 


Oxytorus. A small and primarily holarctic genus 
that is represented in Costa Rica by two or three 
species that occur between sea-level and 1600 
metres. Oxytorus is one of the most difficult of ich- 
neumonid taxa to recognize, but females may be 
discerned by the simple “leaf-shaped“ ovipositor 
sheath that conceals a very short ovipositor (Fig. 
12.68). Nothing is known about the biology of any 
member of the group. 
PHRUDINAE 
The Phrudinae is a small cosmopolitan subfamily that 
is represented in Costa Rica by a species of 
Erythrodolius. Virtually nothing is known about the 
biology of phrudines, except that one European species 
has been reared as a koinobiont endoparasitoid of a 
species of Derodontidae (Coleoptera) (Franz, 1958). As 
a group phrudines are rather difficult to characterize, 
although species of most genera have the genal carina 


Fig. 12.111. Pimpla sumichrasti (Pimplinae). 


joining the hypostomal carina away from and internal 
to the base of the mandible; in most other ichneu- 
monids in which the occipital carina joins the hypos- 
tomal carina distant from the mandible this junction 
is directly above, not internal to the mandibular 
articulation. 


Erythrodolius^*. A small genus previously only 
known to occur in the Afrotropical region. A single 
undescribed species is widespread in mid-altitude 
forest throughout Costa Rica. 


PIMPLINAE (= Ephialtinae in part) (Whole insect, Fig. 
JD TOY 

The Pimplinae is a moderately large, cosmopolitan 
subfamily that is divided into three tribes—Ephialtini, 
Pimplini and Polysphinctini. The group exhibits a 
wider range of biologies and host associations than 
any other subfamily (Fitton et al., 1988). Primitively 
pimplines are ectoparasitic idiobionts that attack hosts 
in concealment and many species show marked spe- 
cializations for gaining access to such hosts. From this 
basic strategy a number of evolutionary lineages have 
arisen which specialize in different ways. Tromatobia 
and Zaglyptus in the Ephialtini, have larvae that 
devour spider eggs, whilst the Polysphinctini develop 
as koinobiont ectoparasitoids of spiders; the Pimplini 
are idiobiont endoparasitoids of the prepupae and 
pupae of a wide variety of Lepidoptera. Facultative 
hyperparasitism is a common feature of many 
members of the group, and some species of Neotheronia 
may be obligate hyperparasitoids. Some pimplines are 
common parasitoids of a variety of economically 
important insects, but their general lack of host- 
specificity means that few have been introduced in 
biological control programmes. 

Morphologically pimplines are an extraordinarily 
diverse group. Most have large claws, an irregular 
rhombic areolet, two bullae in 2m-cu, a dorsoventrally 
depressed metasoma, and no notch on the ovipositor. 
Tergite I is generally stout with the spiracles at or in 
front of the centre, and tergites II - IV are generally 
strongly sclerotized and frequently biconvex, or with 
impressions, and usually with at least some coarse 
punctures. 

Pimplines occur in a wide variety of habitats in 
Costa Rica, from the coastal lowlands to the tops of 
the highest mountains, and the group includes some 
of the commonest ichneumonids encountered in any 


locality (e.g. species of Neotheronia and Pimpla). 
Species richness is greatest in premontane/lower 
montane forests where, in some sites, more than 40 
percent of the entire Costa Rican fauna has been col- 
lected, but endemicity seems to be highest in montane 
situations. All three tribes of Pimplinae occur in Costa 
Rica where the group is represented by 27 genera and 
about 150 species. Genera of Ephialtini present are: 


Anastelgis, Calliephialtes, Dolichomitus, Clydonium, 
Clistopyga, Iseropus, Leptopimpla, Odontopimpla, 
Scambus,  Tromatobia, Umanella, Zaglyptus and 
Zonopimpla; genera of Pimplini present are: Apechthis, 
Itoplectis, Neotheronia, Nomosphecia, Pimpla and 
Xanthopimpla. Genera of Polysphinctini present are: 
Acrotaphus, Dreisbachia, Eruga, Flacopimpla, 


Hymenoepimecis, Polysphincta, Ticapimpla and Zatypota. 
The Costa Rican fauna has been monographed by 
Gauld (1991) and a supplement is being prepared. 


POEMENIINAE 


This is a small, widespread subfamily that is repre- 
sented in all regions except Africa and Australia. 
Previously poemeniine were included within the 
Pimplinae, but this classification was based on shared 
plesiomorphic features (Eggleton, 1989). Poemeniines 
are idiobiont ectoparasitoids of hosts concealed in 
wood; hosts include wood-boring beetles of the fami- 
lies Cerambycidae, Curculionidae and Melandryidae, 
as well as Sphecidae nesting in holes in timber 
(Townes & Townes, 1960; Fitton et al., 1988). Species 
of one north temperate genus, Pseudorhyssa, are oblig- 
ate multiparasitoids of siricids, and oviposit via the 
oviposition hole made by a rhyssine (Spradbery, 
1969). 

Poemeniines are elongate insects with long oviposi- 
tors. The subfamily is represented in the Neotropical 
region by two genera, Ganodes and Rodrigama. Each 
genus includes a single Costa Rican species (Gauld, 
1991) and they have only been collected in lower 
montane forests. 


RHYSSINAE 

The Rhyssinae is a moderately small cosmopolitan 
subfamily that is most species-rich in the lowland 
forests of south-east Asia (Kamath & Gupta, 1972). 
Previously this subfamily was included as a tribe 
within the Pimplinae, but such a classification is based 
on shared plesiomorphic features (Eggleton, 1989). 
Rhyssines are idiobiont ectoparasitoids of concealed 
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holometabolous insects. The adult females are highly 
specialized for oviposition into hosts tunnelling in 
wood and are capable of penetrating several centime- 
tres of sound timber with their ovipositors. The north 
temperate species parasitize the larvae of Siricoidea 
(Chrystal & Skinner, 1932; Hanson, 1939), but wood- 
boring beetles probably serve as hosts for the tropical 
species (Porter, 1978). 

In Costa Rica rhyssines may easily be recognized by 
the possession of file-like rugae on the mesoscutum 
(Fig. 12.49) and the absence of an areolet in the fore 
wing. A single genus occurs in Costa Rica. 


Epirhyssa. A large genus occurring throughout 
tropical America and south-east Asia. In Costa Rica 
Epirhyssa is represented by ten described species in 
the lowland and premontane forests between sea- 
level and about 1300 metres. An undescribed 
species has recently been collected between 1600 
and 2000 metres, around the Central Valley. Gauld 
(1991) provides keys to species. 


TERSILOCHINAE 


The Tersilochinae is a medium-sized cosmopolitan 
subfamily that comprises mostly small-sized ichneu- 
monids with a fore wing length of 5 mm or less. 
Tersilochines are koinobiont endoparasitoids that 
oviposit into the host larva and frequently kill the host 
in its pupation chamber. The majority of species para- 
sitize the larvae of phytophagous beetles, especially 
the families Curculionidae, Nitidulidae and 
Chrysomelidae (Cushman, 1916; Parker et al., 1950), 
but species of one northern temperate genus attack 
the larvae of xyelid sawflies (Gauld & Bolton, 1988). 
Some species of one South American genus, 
Stethantyx, are common parasitoids of vegetable 
weevils (Listroderes spp.) and several have been intro- 
duced into Australia in an attempt to control these 
pests (Wilson & Wearne, 1962; Gauld, 1984). 

Tersilochines are small to medium sized insects that 
resemble cremastines in form. They are easily recog- 
nized by the broad clypeus that has a fringe of stout 
bristles (Fig. 12.32). Many have a rather characteris- 
tic venation consisting of no areolet, a deep marginal 
cell, a large pterostigma and often with the veins 
around 2rs-m rather swollen. 

The Tersilochinae is represented in Costa Rica by 
about 35 species. In the lowlands and lower montane 
regions many species of Stethantyx are common, and 


in mid-altitude humid forests Meggoleus species have 
been taken. A considerable diversity of genera and 
species occur at higher elevations. Keys to world 
genera are given by Townes (1971), but the work of 
Horstmann (1971) is also useful for generic recogni- 
tion. There are no keys to the majority of neotropical 
species, and some are difficult to assign to any 
described genus. 


TRYPHONINAE 


The Tryphoninae is a large, cosmopolitan subfamily, 
but the greatest generic diversity of the group occurs 
in the North Temperate regions. The subfamily is sub- 
divided into eight tribes. The Ankylophonini is 
endemic to Australia, whilst the Eclytini, Exenterini, 
Idiogrammatini, Sphinctini and Tryphonini are pre- 
dominantly north temperate insects. The remain- 
ing two tribes, Oedemopsini and Phytodietini, are 
cosmopolitan. 

Tryphonines are koinobiont ectoparasitoids of the 
larvae of Symphyta and Lepidoptera. They are 
unique amongst ichneumonids in having a highly 
modified egg that is large and bears a stalk and 
anchor. This anchor passes down the lumen of the 
ovipositor while the actual egg travels externally 
(Kasparayan, 1981). Using the ovipositor, the female 
embeds the anchor into the host's cuticle, thus 
attaching the egg externally to the host larva 
(Vance, 1927; Simmonds, 1947). Development is 
usually completed after the host larva has con- 
structed a pupation retreat. 

The Tryphoninae is almost impossible to character- 
ize morphologically except by the fact that females 
often have an egg hanging beneath their ovipositor. 
All tryphonines have no subapical notch on the 
ovipositor, many have tergite I with the spiracles at or 
in front of the centre, they often possess deep 
glymmae and many have pectinate claws. In some the 
ovipositor sheath is slightly broadened centrally, and 
species of one very common and species-rich genus, 
Netelia, are ophionoid in appearance though they gen- 
erally have an areolet in the fore wing. 

The primarily north temperate tribes Sphinctini, 
Exenterini and Tryphonini are represented in Costa 
Rica by isolated, and apparently uncommon, species 
in the genera Boethus, Chiloplatys, Eridolius, 
Polyblastus and Sphinctus. The Oedemopsini is repre- 
sented, mostly in humid montane forests, by 
Atopotrophos, Cladeutes,  Neliopisthus, Oedemopsis, 
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Thymaris and Zagryphus. The Phytodietini comprises a 
few species of Phytodietus and more than 50 species of 
Netelia, a nocturnally active genus that is encountered 
in virtually all habitats. A key to tryphonine genera is 
given by Townes (1969). A revision of the Costa 
Rican species of all genera, except Netelia, is currently 
nearing completion (Gauld, in prep.). 


XORIDINAE 


The Xoridinae is a small, widely distributed subfamily 
that is most species-rich in the central European and 
eastern North American deciduous forests. Xoridines 
are idiobiont ectoparasitoids of the larvae, pupae and 
even cocooned adults of various families of wood- 
boring beetles, and possibly also of other wood-boring 
Holometabola such as siricoids (Chrystal & Skinner, 
1931; Townes & Townes, 1960). Both solitary and 
gregarious species are known (Gauld € Bolton, 1988). 
A single genus is present in Costa Rica. 


Xorides. A very large cosmopolitan genus that is 
apparently very species-rich throughout the tropics, 
although species are generally rarely collected. 
Approximately eight species occur in Costa Rica, 
mostly in the lower montane forests. Xorides is a 
very distinctive group with a characteristic genicu- 
lation in the antenna of the female (Fig. 12.70), 
and a uniquely modified mesoscutum (Fig. 12.55). 
A revision of the Costa Rican species is currently 
nearing completion (Gauld, in prep.). 


LACONIDAE 


Scott Richard Shaw 


Diagnosis. Body 1.0 to 14.0 mm in length (exclud- 
ing the antennae and ovipositor); almost always fully- 
winged, with the fore wing length 1.0 to 15.0 mm, 
rarely brachypterous or apterous; sexual dimorphism 
negligible to moderate. Antenna ordinarily with 14 or 
more flagellar segments (up to 98), very rarely with 
fewer (eight to 13); flagellum usually filiform, rarely 
geniculate, serrate, or clavate. Mandible typically 
bidentate, sometimes exodont with three to seven 
teeth, or rarely unidentate. Upper hind corner of 
pronotum nearly reaching to tegula. Fore wing vena- 
tion quite variable throughout the family but mostly 


stable within genera, sometimes even within subfami- 
lies, often reduced apically; first discal and submar- 
ginal cells sometimes separated by a distinct vein (M 
or Rs+M), sometimes confluent; vein 2m-cu absent: 
pterostigma present and usually well-differentiated, 
sometimes elongate or linear. Hind wing with cross 
vein rs-m joining Sc+R+Rs before the separation of Rs. 
Metasoma with tergites II and III usually rigidly fused, 
occasionally flexibly fused; junction of fused tergites II 
and III often indicated by a sculptured or smooth 
suture, but if obliterated then apparent second 
'segment' bears two sets of spiracles; metasoma some- 
times with additional fused tergites. 


Classification and distribution. The Braconidae is 
cosmopolitan and the second largest family of 
Hymenoptera (Achterberg, 1988c), surpassed only by 
the Ichneumonidae in species-richness. More than 
10,000 braconid species have already been named, 
and estimates of the total number of species range 
from 40,000 (Marsh & Carlson in Krombein et al., 
1979) to 50,000 (Mason in Danks, 1979). There may 
be around 2,000 species present in Costa Rica. 

Currently about 40 subfamilies of Braconidae are 
recognized (Quicke & Achterberg, 1990), but the sub- 
family classification has been in a state of flux for 
many years and the number of subfamilies has varied 
depending upon the interpretation of individual 
authors. Most of the disagreements concern the 
ranking or alignment of relatively minor lineages; in 
general the limits of the speciose subfamilies are 
stable. The system adopted here is a consensus 
classification developed from Achterberg (19844), 
Gauld and Bolton (1988), Quicke and Achterberg 
(1990) and Sharkey (in Goulet & Huber, 1993). The 
most notable changes are the restriction of the 
definition of the Rogadinae and the consequent recog- 
nition of subfamilies Rhyssalinae, Pambolinae and 
Hormiinae (see Whitfield, 1989, 1992; Quicke, Ficken 
& Fitton, 1992; Quicke, Fitton & Ingram, 1992; 
Wharton, 1993b), and the acceptance of the 
Meteorinae as a‘ subfamily distinct from the 
Euphorinae (S.R. Shaw, 1985, 1988a; Maetó, 1990). 

Twenty-eight braconid subfamilies are known to 
occur in Costa Rica, and the Ypsistocerinae and 
Adeliinae are likely to occur in the country. Members 
of certain other small subfamilies occurring in North 
America (e.g. Meteorideinae and Neoneurinae) may 
also eventually be found in Costa Rica. 


The ichneumonoid families 


Fig. 12.112. Rogas sp. (Rogadinae). 


Biology. The vast majority of species of Braconidae 
are primary parasitoids of other insects, although phy- 
tophagy is now known to occur rarely in the group. A 
Brazilian and a Costa Rican species of Allorhogas 
develop in seeds (Macédo & Monteiro, 1989; Hanson, 
pers. comm.), and other possible instances of phy- 
tophagy occur in Monitoriella and Psenobolus (see 
below). The hosts of most entomophagous braconids 
belong to the orders Coleoptera, Lepidoptera, Diptera 
and, to a much lesser extent, the Hemiptera, 
Homoptera and rarely Hymenoptera (Matthews, 
1974; Gauld & Bolton, 1988; M.R. Shaw & 
Huddleston, 1991; Wharton, 1993a). It is common 
for whole braconid subfamilies to utilize only a single 
host order (Matthews, 1974), although the 


Euphorinae attack hosts from at least six different 
orders (S.R. Shaw, 1985, 1988a). 

Most  idiobiont braconids (e.g.  Doryctinae, 
Braconinae) are ectoparasitoids of concealed subcorti- 
colous or endophytic hosts, but the Rogadinae 
includes ectoparasitic idiobionts, and both ecto- and 
endoparasitic koinobionts (M.R. Shaw, 1983). Most 
other major groups of Braconidae are koinobiont 
endoparasitoids, but a final obligatory ectoparasitic 
stage is known to occur in several groups. Although 
many braconids are solitary parasitoids, gregarious- 
ness has evolved independently in many different lin- 
eages, including ectoparasitoid idiobiont genera (e.g. 
Bracon, Hormius, Oncophanes, Spathius) and sev- 
eral koinobiont groups (e.g. some  Rogadinae, 


Macrocentrinae, Euphorinae and Microgastrinae). In 
general brood size corresponds to the number of eggs 
deposited, but polyembryony is known to occur in the 


Macrocentrinae (Parker, 1931la; Daniel, 1932). 
Gregariousness is more common in the Braconidae 
than it is in the Ichneumonidae. 

Braconids are primarily larval parasitoids, oviposit- 
ing in and emerging from the host larva. Species of 
Alysiinae, Opiinae and Meteorideinae are larval-pupal 
parasitoids, and the Cheloninae, some Ichneutinae 
(Nageli, 1936), some Alysiinae (Wharton, 1984), and 
a few species of Helconinae (Alauzet, 1987) are egg- 
larval parasitoids. There are no true egg parasitoids in 
the Braconidae. Although most braconids parasitize 
the larval stage of their host, euphorines commonly 
utilize adult insects (S.R. Shaw, 1985, 19884) as do 
members of the Aphidiinae, the Sericobracon lineage of 
Doryctinae and possibly the Ypsistocerinae. Although 
the Neoneurinae have not been definitively reared, 
observations of ovipositional strikes at worker ants, 
and their short sickle-like ovipositor, strongly suggest 
that they are koinobiont endoparasitoids of adult 
worker ants (Huddleston, 1980; S.R. Shaw, 1992, 
1993). Some euphorines that parasitize adult beetles 
will also oviposit into pupae when these occur in the 
same microhabitat (Obrycki et al., 1985) but no other 
braconid (except possibly some aspidobraconine bra- 
conines) is known to oviposit directly into a host pupa. 

Hyperparasitism is rare in the Braconidae and, 
unlike the Ichneumonidae, none are obligate. A 
European Syntretus species develops as a pseudohyper- 
parasitoid of adult ichneumonids (Cole, 19595), a hol- 
arctic Aphaereta species is a hyperparasitoid of a 
sarcophagid (Kulman, 1965) and Wharton (1984) 
cites several other alysiines that are hyperparasitoids 
of tachinids or phorids. 


Host searching and oviposition. Many studies indicate 
that braconids are attracted to a particular habitat, 
regardless of the presence of hosts (Nishida, 1956) 
and in such cases attractants have been found to 
include plant volatiles (Read et al., 1970; Achterberg, 
1983a; Ayal, 1987) or odours emanating from decay- 
ing substrata, such as carrion, dung, fungi, and 
rotting fruit (Wharton, 1984). Once the host habitat 
has been located, actual host location may be accom- 
plished by a combination of tactile, chemical, and 
visual cues. Tactile cues, such as vibrations from host 
feeding, may aid in locating hosts concealed in rotting 


wood (DeLeon, 1935; Ryan & Rudinsky, 1962), in leaf 
mines (Sugimoto et al., 1988a & b), in fruit (Lawrence, 
1981), or in carrion (Evans, 1933). Many koinobiont 
braconids that attack more exposed hosts, locate them 
by specific semiochemical cues (Eller et al., 1988), 
such as kairomones released from host feeding, host 
mandibular secretions (Vinson, 1968), host cuticular 
proteins, lepidopteran wing scales, silk (Weseloh, 
1976), frass (Hendry et al., 1973; Fukushima et al., 
1989) or honeydew (Ayal, 1987). At close range, 
some leaf-miner parasitoids may visually recognize the 
characteristic shape of the host leaf-mine (Sugimoto et 
al., 19884). Visual cues are particularly important to 
euphorines, which are stimulated by host motion 
(Bryden & Bishop, 1945; O.J. Smith, 1952; M.F. 
Walker, 1961) and may be induced to oviposit on 
artificial host models (Richerson & DeLoach, 1972). 

Host acceptance by braconids commonly involves 
four behavioural steps: antennation of the host, 
ovipositor probing, insertion of the  ovipositor 
(drilling), and egg deposition (Arthur, 1981). In Alysia 
manducator, a host may be rejected at any of these 
stages (Chernoguz & Reznik, 1987). Idiobiont species, 
which stop host development at oviposition, are most 
likely to be affected by the host biomass at time of 
oviposition, and in gregarious species such as 
Habrobracon hebetor, the size of emerging adults is 
density-dependent and the carrying capacity of the 
host is directly related to host mass (Taylor, 19884). 
Survival is lower on smaller hosts and competition 
more intense, and consequently ovipositing females 
may exhibit a preference for larger hosts (Taylor, 
1988b). Although it may be more difficult for koino- 
biont braconids to evaluate host suitability at the time 
of oviposition, it is nevertheless common for koino- 
biont species to exhibit a decided preference for partic- 
ular host stages. For example, Cotesia glomerata prefers 
first instar host larvae, although the first through 
third instars may be parasitized (Dreische, 1988) and 
Dinocampus prefers adult coccinellid hosts, although 
late instar larvae or pupae may sometimes be attacked 
(Obrycki et al., 1985). In koinobionts host suitability 
may also be affected by the plant on which the host is 
feeding (Mueller, 1983; Vinson, 1984; Gauld & 
Gaston, 1994). 

Two types of venom apparatus have been distin- 
guished in Braconidae (Edson & Vinson, 1979) and the 
venoms injected into the host during oviposition serve a 
variety of functions (Beard, 1978). Among idiobiont 
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ectoparasitoids, such as Habrobracon species, the venom 
typically causes a permanent paralysis (Beard, 1952; 
Laing & Caltagirone, 1969) whilst koinobionts either do 
not paralyse the host, or induce only a temporary 
paralysis (M.R. Shaw, 1983). However, the venom may 
induce a delayed inhibition of host development (M.R. 
Shaw, 1981). Many koinobionts also inject symbiotic 
viruses, which are maintained within the calyx lining 
at the base of the ovaries and coat the egg at the time 
of oviposition (Stoltz, 1986; Styer et al., 1987; Tanaka, 
1987b; Stoltz & Whitfield, 1992). These polydnaviruses, 
along with venoms and calyx fluids, play an important 
role in the suppression of the host immune response 
(Guillot & Vinson, 1972; Kitano, 1986; Tanaka, 
1987a; Stoltz et al., 1988; Wago & Tanaka, 1989), and 
may also induce elevated host haemolymph protein 
levels (Beckage et al., 1989), delay or prolong host 
development, induce extra host instars and delay or 
inhibit host diapause (Moore, 1989). It has been sug- 
gested that these viruses are fundamental to the 
diversification of endoparasitoid braconids (Whitfield, 
1990b & c). 

Idiobiont ectoparasitoid species typically require a 
long period of time to oviposit because the host usually 
must be reached by drilling through a substrate, and 
must be paralysed. Field studies of Ecphylus costaricen- 
sis, a bark beetle parasitoid, indicated that drilling took 
25 to 42 minutes and an additional 11 to 19 minutes 
were required for egg deposition and ovipositor with- 
drawal (Matthews, 1969). Koinobiont endoparasitoid 
species usually complete the oviposition sequence 
much more rapidly, especially if the host is more or 
less exposed. For example, the egg-larval parasitoid 
Chelonus curvimaculatus completes its entire oviposition 
sequence in 17 to 21 seconds (Leluk & Jones, 1989) 
and the  microgastrine, Glyptapanteles thompsoni, 
deposits 20 to 25 eggs in a single thrust of the oviposi- 
tor lasting only a few seconds (Vance, 1931). 


Larval development. In braconids there are probably 
ancestrally five larval instars, although in many 
groups that number is reduced, for example to four in 
some Opiinae (Willard, 1920), and to three in some 
Microgastrinae (Vance, 1931), Cheloninae (Vance, 
1932a; Boyce, 1936) and Meteorinae (West & Miller, 
1989; Fernández & Terán, 1990a). Although first 
instar larvae have been described for many species, 
O'Donnell's (1982) study of the Aphidiinae is the only 
comparative work on this stage. First instar larvae are 


usually hymenopteriform in idiobiont ectoparasitoid 
braconids and often have transverse bands of setae on 
each segment (Finlayson, 1964). In many koinobionts 
the first instar larvae have a disproportionately large 
head with long mandibles (e.g. Cheloninae—Vance, 
1932a; Boyce, 1936), and/or are caudate, as in 
Aphidiinae (Couchman & King, 1977) and 
Euphorinae (Loan € Holdaway, 1961a & b). In the 
Cheloninae, Microgastrinae and some other subfami- 
lies the larva is initially caudate but subsequently 
develops a bladder-like vesicle posteriorly (Cardona & 
Oatman, 1975). The Agathidinae have polypodeiform 
first instar larvae, which resemble caudate larvae, but 
have'paired fleshy ventral protuberances on some 
segments (Parker, 1931a; Simmonds, 1947). 
Hypermetamorphosis occurs commonly in koinobiont 
endoparasitoid braconids (Finlayson & Hagen, 1977), 
with the later instars differing dramatically from the 
first instar larva (Clausen, 1940b). 

The first instar larva of most koinobiont endopara- 
sitoid braconids is enveloped within a trophamnion 
after eclosion (Jackson, 1928; Brindley, 1939; 
Polaszek, 1986). The trophamnion is composed of 
oversized cells, which ultimately separate and often 
survive independently within the host haemocoel 
where they enlarge rapidly, increasing their size ten 
to twenty times. These separate cells, called terato- 
cytes, are sometimes consumed by the growing para- 
sitoid larva (Hinton, 1954; Polaszek, 1986), although 
they may have other functions (see Chapter 2.5). 

In many koinobionts intermediate larval instars 
have very reduced mandibles and principally feed on 
haemolymph and fat globules. Final instar braconid 
larvae are usually hymenopteriform, with few differen- 
tiating morphological structures other than the sclero- 
tized parts of the head capsule and the usually rather 
well-developed mandibles. They have been extensively 
studied because the exuviae can be recovered from 
cocoons (Finlayson & Hagen, 1977). Short (1952) 
and Capek (1973) studied the morphology of the head 
of final instar braconid larvae and provided keys for 
their identification. Capek (1970) presented a revised 
classification of the Braconidae at subfamily and tribal 
level based upon an analysis of larval morphology and 
host relationships. 

The mature larvae of most braconid species pupate 
within an ovoid, dense silken cocoon. Ectoparasitoid 
idiobionts usually spin flimsy cocoons in the concealed 
sites where they have fed. These are often pale brown 


and elongate oval in appearance. However, Atanycolus 
species that spin their cocoons under loose bark form a 
coffin-like structure that is flat on both top and bottom 
(Shenefelt, 1943). Among koinobionts, some do not kill 
the host until the latter has concealed itself within its 
pupal retreat. Thus chelonines allow the host caterpil- 
lar to first form a cocoon, before killing the host and 
spinning its own cocoon within (Harbo & Kraft, 1969). 
Species of Opiinae and Alysiinae may spin thin cocoons, 
or they may pupate naked, inside the puparia of their 
dipterous hosts (Wharton, 1984). On the other hand, 
many more braconids than ichneumonids kill the host 
on vegetation rather than within its pupal retreat, and 
this is reflected in a wider range of cocoon-forming 
habits in the family (Gauld & Bolton, 1988). The larva 
generally emerges from the body of the host before pro- 
ducing its cocoon, but most aphidiine genera pupate 
within the mummified body of the host aphid, and the 
Rogadini pupate within the mummified remains of 
caterpillars. In such cases, the parasitoid larva often 
glues the host mummy to the substrate through a 
ventral opening, and the actual silken cocoon within is 
reduced. The cocoon of Dinocampus coccinellae is spun 
beneath its coccinellid host, with the dead or dying 
beetle forming a protective dome over the parasitoid 
pupa (Balduf, 1926). Similarly, cocoons of several soli- 
tary species of Microgaster (= Microplitis sensu Nixon, 
1970) are formed between the prolegs of aposematic or 
cryptic caterpillars, and adults often emerge before the 
host dies. In this way the parasitoid gains continued 
protection from the host's appearance or behaviour 
throughout its vulnerable cocoon stage (Gauld & 
Bolton, 1988). The cocoons of most solitary Meteorus 
species are spun suspended from long threads 
(Huddleston, 1980) whilst those of gregarious mete- 
orines may be formed in loose heaps or organized into 
spherical masses (Huddleston, 1983; S.R. Shaw, 1985). 
In most of these braconids that pupate on vegetation 
the time spent in the pupal stage is shortened, with 
emergence generally occurring within a week or two. 


Adult biology. As with the ichneumonids, sexual 
dimorphism is most apparent in the idiobionts, 
especially in the Doryctinae, Braconinae and 
Ypsistocerinae. Although rather unusual in the 
Hymenoptera, male brachyptery (flightlessness) occurs 
commonly in several doryctine genera (Marsh, 1965). 
In Costa Rica apterous males are found in the fig- 
inhabiting Psenobolus (W. Ramirez, P. Hanson, pers. 


comm.). W.D. Hamilton (1978) has hypothesized that 
the flightless-male condition is a trait associated with 
insects occupying ephemeral niches, such as under 
bark or in rotting wood, that inbreed and multiply 
rapidly, then disperse after several generations when 
the quality of the microhabitat deteriorates. 

In many braconid species the males often emerge 
before the females. Some may form aggregations at 
female emergence sites and the males of Coeloides den- 
droctoni are able to locate pre-emergent females still in 
their exit tunnels under bark (DeLeon, 1935). Among 
koinobionts the emerging females may be more dis- 
persed because the host may move some distance from 
the feeding site to a cryptic pupation retreat prior to 
being killed, or the parasitoid may exit the host and 
pupate some distance from the host remains. 
Consequently, many koinobiont male braconids locate 
females using species-specific sex pheromones (e.g. 
Pemberton & Willard, 1918a; Fink, 1926; Parker, 
1931b; Hagen, 1953; Bousch & Baerwald, 1967; Cole, 
1970; Read et al., 1970; Vinson, 1972; Obara & 
Kitano, 1974; Kamano et al., 1989). In a few koino- 
biont groups, such as the Blacini (Konig, 1967; 
Achterberg, 1975, 1977, 1988c; Syrjamaki, 1976) 
and to some extent the Microgastrinae (Whitfield, 
1987) and Cheloninae (S.R. Shaw, 1991), male- 
dominated mating aggregations are known to occur. 

A short premating period may be required in some 
braconids (Hagen, 1953), but the majority of species 
are ready to mate upon emergence from the cocoon 
(Matthews, 1974). Courtship and mating of braconids 
typically involves the following behavioural steps: 
attraction, antennal searching and recognition, orien- 
tation and pursuit, wing fanning and vibration, 
approach and mounting, antennation, copulation, and 
post-copulatory grooming (Matthews, 1974; Askari & 
Coppel, 1978). Rapid wing vibration by courting 
males is an almost universal component of braconid 
mating behaviour (e.g. Kitano, 1975), and may serve 
to orient the male to the female's odour (Vinson, 
1972) or vice versa, or to produce acoustic courtship 
signals (Sivinski & Webb, 1989). Actual copulation is 
brief, normally one minute or less (Oatman et al., 
1969; Lewis, 1970; Cardona & Oatman, 1971; 
Kainoh, 1986). Generally the male mounts the female 
dorsally, but some chelonines assume an end-to-end 
position (Harbo & Kraft, 1969), and some euphorines 
assume an end-to-end position with the male upside 
down (Seitner & Notzl, 1925; Jackson, 1928). Multiple 


mating is common for males, but females of many 
species mate only once (Matthews, 1974), although 
some, such as Cotesia flavipes, may mate up to eight 
times (Gifford & Mann, 1967). 

Relatively little is known about the feeding habits 
of adult braconids in Costa Rica although many 
species have been observed apparently feeding from 
flowers, and many species (such as agathidines) are 
attracted to and consume baits containing hydrolysed 
tryptophan and sugar (Hanson & Gauld, pers. comm.). 
Numerous species of Agathidinae (Sharkey, 1985; 
Sharkey & Mason, 1986), Cardiochilinae (Mao, 1949; 
Sharkey & Mason, 1986; Huddleston & Walker, 
1988), and Cheloninae have the maxillo-labial 
complex modified into a proboscis for flower feeding. 
Pholetesor ornigis may acquire nutrients from flower 
nectar, oozing tree sap, ripe fruit, or honeydew from 
homopterous insects (Ridgway & Mahr, 1990). Host- 
feeding (see Chapter 2.5) is not widespread in the 
Braconidae, but has been observed in several 
Braconinae (Genieys, 1925; Doner, 1934; Beard, 
1952; Clark, 1963; Angalet, 1964) and some 
Rogadinae (Ahmad, 1943; Chatterjee, 1943; M.R. 
Shaw, 1983). Some aphidiines that parasitize ant- 
tended root aphids have been observed to solicit regur- 
gitated food from tending ants (Hincks, 1958; Takada 
& Hashimoto, 1985; Gross, 1993). 

A preoviposition period may be required for egg 
maturation in many braconids, especially the synovi- 
genic idiobionts. For example, Spathius vulnificus 
undergoes a preoviposition period averaging 13.5 
days (Matthews, 1974). Potential egg production 
varies enormously in braconids, both between species 
and within species. In Habrobracon species the number 
of eggs per female can vary as much as from 32 to 
954 (Laing & Caltagirone, 1969). If hosts are not 
available at the time of egg maturation, oocytes may 
be reabsorbed—a strategy that may enable some bra- 
conids to achieve increased searching ability in times 
when hosts are scarce (Ramadan et al., 1989). 

Like most other Hymenoptera the majority of bra- 
conids are arrhenotokous, although some species of 
Euphorinae, Microgastrinae, and Agathidinae are 
thelytokous (Balduf, 1926; Vance, 1931; Clausen, 
1940b; Hummelen, 1974; S.R. Shaw, 1988b). 

Little is known about the phenology of braconids 
in Costa Rica or in most other tropical areas, but the 
studies of Beeson and Chatterjee (1935) in India indi- 
cate that multivoltinism is common among tropical 
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braconids, often with two to four generations occur- 
ring per year. Malaise trap samples suggest that 
similar multivoltinism may occur in humid Costa 
Rican forests. Virtually no information is available on 
how tropical braconids may survive the pronounced 
dry season in northwestern Costa Rica. However, it 
seems likely that many diapause, probably as prepu- 
pae or pupae within their cocoons, or as endopara- 
sitoid larvae within the parasitized hosts. Among 
koinobiont braconids in the Temperate region it is 
common: for the first instar larva to diapause within 
the parasitized host until the host larva is fully fed and 
is ready to pupate (Balduf, 1963). 


Defence against predators. Tropical braconids exhibit a 
wide range of defensive strategies. Some (e.g. 
Gronaulax) are known to feign death (thanatosis) for 
several minutes when disturbed (Achterberg, 1986). 
Many of the larger, diurnally active species are apose- 
matically coloured and may be Batesian or Miillerian 
mimics of aggressive aculeates or distasteful 
Lepidoptera, Coleoptera or Diptera (Quicke, 1984, 
1986a & b). Other braconines, such as Digonogastra 
and Ipobracon, are orange with patterned wings and 
are themselves probably distasteful models for mimicry 
complexes involving other ichneumonoids (Gauld, 
1991). In Costa Rica aposematic coloration occurs 
most frequently in the larger species of the Doryctinae, 
Braconinae, Cenocoelini and Agathidinae, and to a 
lesser extent in the Rogadinae, Alysiinae, Orgilinae, 
Cardiochilinae, Microgastrinae, and Cheloninae, 

Ant mimicry probably also occurs commonly in 
tropical braconids, although little information is avail- 
able on the subject. Many small braconids are 
superficially ant-like in appearance, and this resem- 
blance is enhanced by the host searching behaviour of 
most braconids, which typically spend a considerable 
amount of time walking rapidly about on foliage or 
fallen trees, flying mostly when disturbed or abandon- 
ing a site. Field studies of Ecphylus costaricensis by 
Matthews (1969) found that ants were also common 
on the same fallen tree, and encounters with ants 
were surprisingly frequent. Paradelius rubra, from 
California, run about rapidly on foliage, resembling 
ants while in motion (Whitfield, 1988c). When dis- 
turbed these wasps emit ‘a choking, formic acid-like 
chemical into the air’. 

Many of the most common and abundant Costa 
Rican braconid species (Microgastrinae, Alysiinae, 


Opiinae) are only a few millimetres or less in length 
and are inconspicuously coloured. Small body size is 
a convergent trend that has evolved many times 
within the Braconidae (Tobias, 1975), possibly as a 
result of selection pressure from vertebrate predators. 
The adaptive value of small body size may have been 
a factor in the diversification of leaf-miner parasitoids 
in the tropics, as groups such as Hormiinae, 
Gnamptodontinae, Opiinae and Miracinae are more 
species-rich and abundant in Costa Rica than in tem- 
perate regions. While small braconids may escape 
the attention of vertebrate predators, they are 
still vulnerable to invertebrate predators such as 
ants and spiders. Like the large, aposematically 
coloured species, these small, inconspicuous bra- 
conids are endowed with abdominal exocrine glands 
that may function in defence (Buckingham & 
Sharkey, 1988). 

A large proportion of the lowland tropical koino- 
biont ichneumonids are nocturnally active (and 
attracted to lights), which may be an adaptation to 
escape from diurnally active, visually oriented preda- 
tors (Gauld, 1987). Gauld hypothesized that noctur- 
nal activity should be especially favourable in the 
tropics, especially among koinobionts that parasitize 
nocturnal, leaf-feeding lepidopterous larvae. In the 
Costa Rican fauna, the most abundant and diverse 
groups of nocturnally active Braconidae are the 
Rogadinae (Rogas, Aleiodes, Cystomastax), Meteorinae 
(Meteorus), Macrocentrinae (Macrocentrus), and 
Homolobinae (Homolobus, Exasticolus). These taxa 
tend to be pale yellowish brown in colour (resem- 
bling ophionine ichneumonids) and they are all 
koinobiont endoparasitoids of lepidopterous larvae, 
corroborating Gauld’s hypothesis. Although they do 
not show the typical pale coloration of nocturnal 
ichneumonoids, many Blacinae (Blacus) are also noc- 
turnally active (Huddleston & Gauld, 1988), and 
these are also well diversified in the Costa Rican 
fauna. 


Economic importance. Because many braconids 
favour warm arid environments (Juillet, 1964) and 
are common in agroecosystems, the group has been 
used extensively in biological control programmes. 
They are amongst the most frequently established 
hymenopterans employed in classical biological 
control (Greathead, 1986). Although many subfami- 
lies have been investigated for bio-control applications, 


the most frequently employed species belong to the 
Microgastrinae, Braconinae and Opiinae. Several bra- 
conids occurring in Central America (Table 12.7) are 
important in the natural suppression of insect pests, 
especially pyralid stem-borers of maize and sugar-cane 
(Hummelen, 1974; Austin & Dangerfield, 1989; 
Quicke & Wharton, 1989; Rodriguez-del-Bosque & 
Smith, 1989; Wharton et al., 1989), pyralid pests of 
Cucurbitaceae (Marsh, 1986) and pigeon pea 
(Bennett, 1950), noctuids (Marsh, 1978), the potato 
tuberworm (Marsh, 1979), and tephritids (Wharton & 
Marsh, 1978) (see Table 12.7). 

In 1955 the Mediterranean fruit fly (Ceratitis capi- 
tata) appeared in Costa Rica and shortly thereafter 
several parasitoids were introduced from Hawaii, 
most of which were opiine braconids (Wharton et al., 
1981; Gilstrap & Hart, 1987; Jiron & Mexon, 1989). 
Of the five opiines introduced only Diachasmimorpha 
longicaudata (= Biosteres; see Wharton, 1987) and 
Biosteres arisanus (= B. oophilus) became established. 
The results of Jater introductions from Africa (Steck 
et al., 1986) are unknown. Because the two estab- 
lished species do not appear to be very effective 
further biological control programmes are probably 
necessary. 

The most serious and widespread sugar-cane pests 
in the Neotropics are the pyralid stem-borers belong- 
ing to the genus Diatraea. Because insecticides are 
neither very effective nor economically feasible against 
these pests considerable work has been done on bio- 
logical control (e.g. Bennett, 1971; Alam, 1980). In 
Costa Rica the most important braconid parasitoids 
are two native species (see Table 12.7), and the intro- 
duced species Cotesia flavipes, which is being mass 
reared in the laboratory for periodic, inundative 
releases in the field. 


Identification. Shenefelt (1969, 1970a & b, 1972, 
1973a & b, 1974, 1975, 1978, 1980), Shenefelt and 
Marsh (1976), Mackauer and Stary (1967) and 
Mackauer (1968) have produced catalogues of the 
world species of Braconidae, and Marsh (in Krombein 
et al., 1979) catalogued the North American species. 
The majority of Costa Rican braconid species are 
apparently undescribed. In all cases, except for the 
Cheloninae, no generic identification aids are given 
below as the Costa Rican Braconidae fauna has been 
less extensively studied than the ichneumonid fauna, 
and such simplified diagnostic aids could result in taxa 


Pest species 


Acanthoscelides obtectus 
(Bruchidae) 

Anastrepha obliqua 
(Tephritidae) 


Anastrepha striata 
(Tephritidae) 


Antichloris viridis 
(Arctiidae) 

Anthonomus grandis 
(Curculionidae) 

Apion godmani 
(Curculioninae) 

Diaphania spp. 
(Pyralidae) 

Diatraea saccharalis (Pyralidae) 


Erinnyis ello (Sphingidae) 
Heliothis and 
Spodoptera spp. (Noctuidae) 


Leucoptera coffeella (Lyonetiidae) 
Liriomyza huibroidensis (Agromyzidae) 
Mocis latipes (Noctuidae) 


Myzus persicae (Aphididae) 
Oiketicus kirbyi (Psychidae) 


Phthorimaea operculella (Gelechiidae) 
Polygrammodes elevata (Pyralidae) 


Toxotrypana curvicauda (Tephritidae) 
Trichoplusia ni (Noctuidae) 


Common name 
Bean weevil 


Mango fruit fly 


Guava fruit fly 


Banana moth 


Cotton boll weevil 
Bean-pod weevil 
Melonworm, pickleworm 


Sugar-cane borer 


Cassava hornworm 
Corn earworm, 
armyworms 


Coffee leaf-miner 
Serpentine leaf-miner 
Guinea grass moth 


Peach-potato aphid 
Bagworm 


Potato tuber moth 
Sweetpotato borer 


Papaya fruit fly 
Cabbage looper moth 


Braconid parasitoid 
Stenocorse bruchivorus 


Doryctobracon areolatus 
Opius anastrephae 

Opius bellus 
Doryctobracon crawfordi 
Doryctobracon zeteki 
Opius vierecki 
Macrocentrus sp. 
Meteorus laphygmae 
Urosigalphus schwarzi 


Triaspis azteca 


Cardiochiles diaphaniae 
Hypomicrogaster diaphaniae 
Alabagrus stigma 
Apanteles diatraeae 
Cotesia flavipes 
Digonogastra grenadensis 
Cotesia spp. 

Aleiodes laphygmae 
Aleiodes vaughani 
Cardiochiles nigriceps 
Chelonus insularis 
Cotesia marginiventris 
Homolobus truncator 
Meteorus arizonensis 
Meteorus laphygmae 
Stiropius sp. 


Oenonogaster sp. 

Opius dissitus 

Microplitis sp. 

Aleiodes nigristemmaticum 
Diaretiella spp. 
Digonogastra diversus 


Agathis sp. 

Chelonus kellieae 

Orgilus jennieae 

Apanteles thurberiae 
Doryctobracon toxotrypanae 
Chelonus sp. 

Glyptapanteles caffreyi 


Table 12.7. Major insect pests in Central America that are partially suppressed by Braconidae, 


and the braconids responsible. 


being wrongly determined. Although there are no 
keys for the neotropical fauna, North American ones 
(e.g. Marsh, 1963; Marsh et al., 1987) are useful for 
generic identification. The key given below will facili- 
tate the identification of subfamilies known or 
expected to occur in Costa Rica. 


Key to the subfamilies of Braconidae 
known or likely to occur in Costa Rica 


1 Mandibles exodont, teeth directed away from 
longitudinal axis of body and tips usually not 


when 


meeting mandibles are closed 
MA rset cee es Alysiinae (p. 448) 
Mandibles normal, teeth directed towards each 
other and tips meeting or overlapping when 
mandibles are closed (Figs 12.148-12.150). .. 


Metasomal tergite I+II basally with a polished 
transverse or semi-circular area, posteriorly 
usually with a crenulate sulcus (Fig. 12.134); 
minute species less than 2.0 mm in body 
lengths ...::... Gnamptodontinae (p. 455) 

Metasomal tergite II+III not so sculptured, 
without a polished transverse or semi-circular 
area basally, or polished area triangular and 
body size larger than 2.0 mm. ...................... 3 


Face strongly protruding anteriorly; antennae 
arising from a distinct shelf (Fig. 12.128). 
[Very rare.] .... Betylobraconinae (p. 449) 
Face not strongly protruding anteriorly; anten- 
nae not arising from a distinct shelf 
a TAA ec WIS. ieevesss 4 


Mandibles, when closed, close to lower margin of 
clypeus and concealing labrum, without a 
conspicuous oral cavity (Figs 12.149, 12.150). 


Mandibles, when closed, remote from lower 
margin of clypeus, thus a conspicuous oral 
cavity (Fig. 12.148) is present between the 
mandibles and clypeus; labrum normally 
visible and often concave. 

[Some Opiinae are intermediate and can be 
Ieyecdivia'eithienteouplet.] ....................-...--. 23 


First metasomal spiracle situated within a mem- 
branous or weakly sclerotized area of the lat- 
erotergite (Figs 12.129, 12.135, 12.136), or 
spiracle not visible in air-dried specimens due 
LOIS HI uec Er NUM CE 6 

First metasomal spiracle situated within a well 
sclerotized area of tergite I (Figs 12.130— 
19:93) pe comen ette Mee [nu 8 


Antennal flagellum 18- to 49-segmented; fore 
wing vein Rs strongly arched towards anterior 
margin of wing (Fig. 12.115); maxillary palp 
6-segmented. .......... Cardiochilinae (p. 450) 


ii Braeinidac: me 


— Antennal flagellum 12- to 16-segmented; fore 
wing vein Rs straight to slightly curved, 
usually reduced apically (Fig. 12.116); maxil- 
lary palp 5-segmented. 

[Microgastrinae have placodes arranged 
evenly in two ranks per segment, thus the 16- 
segmented flagellum may appear to be 32- 
segmented ee 7 


7 Antennal flagellum 16-segmented; first metaso- 
mal tergite of various shapes, but not 
extremely narrow and linear medially 
(Eiga O) Microgastrinae (p. 459) 

— Antennal flagellum 12-segmented; first metaso- 
mal tergite extremely narrow and linear medi- 

ally (Fig. 12.135). 
[Minute species.] ......... Miracinae (p. 459) 


8 Hind trochantellus laterally with a cluster of 
stout spines (Fig. 12.141); occipital carina 
absent. 

[Yellowish brown species.] ........................... 

E TT EE ein Macrocentrinae (p. 456) 

— Hind trochantellus laterally without a cluster of 
stout spines; occipital carina usually present, 

at least laterally, but sometimes absent. ...... 9 


9 Fore wing with vein M separated from prestigma 
by a wing fold and usually an associated bulla; 
2nd submarginal cell very small, marginal cell 
narrow and vein Rs tubular to wing margin 
(Fig. 12.117), rarely with this apical venation 
absent. 

[Often brightly coloured with conspicuous 
colourpatterningtoniwingss| eec 
TET OO GHUOORO Agathidinae (p. 447) 

— Fore wing venation not as above: vein M joining 
prestigma; 2nd submarginal cell larger or 
absent; marginal cell of various shapes, but 
usually larger and not so narrow, more rarely 
open or absent (Figs 12.118-12.127). ...... 10 


10 First three metasomal tergites forming a rigid 
carapace, with at most one flexible joint; fore 
wing with vein 2rs-m present, thus a closed 
2nd submarginal cell present (Fig. 12.118). ... 


— Metasoma tergites not forming a carapace, or if 
carapace-like then metasoma with more than 


11 


12 


13 


14 


US 


three visible tergites, or fore wing with vein 
2rs-m absent (Figs 12.119, 12.120). ......... ip 


Metasomal carapace without flexible joints, at 
most with two transverse grooves and often 
without any apparent segmentation 
(Fig. 124151). 

{Common and sometimes locally abundant 
SE Aa Cheloninae (p. 450) 

Metasomal carapace with a flexible joint separat- 
ing tergite I from tergites II+III. 

[Rarely collected species.] ............................. 
Weser MIS eee oa Sigalphinae (p. 462) 


Fore wing with distal part of Rs arising from 
pterostigma, not reaching to wing margin 
(Fig. 12.119); metasomal tergites I to III fused 
into a single flat surface comprising more than 
0.5 of dorsal surface of metasoma. 

Minute] eee Adeliinae** (p. 447) 

Fore wing with distal part of Rs reaching wing 
margin (Figs 12.122, 12.123), or if reduced, 
then arising from 2r-rs, not directly from 
pterostigma (Figs 12.120, 12.121), and meta- 
somal tergites I to III not fused into a single 
flat surface comprising more than 0.5 of 
dorsal surface of metasoma. ....................... 13 


Fore wing with M abruptly curved just before 
joining Rs (Fig. 12.120). 
[Minute]... Ichneutinae (p. 456) 
Fore wing with M straight or gradually curved to 
JOIN RS (Pigs 12 12152.1127): e -eaeiee- 14 


Fore wing with vein Rs not extending to wing 
margin; 2nd submarginal cell large, enclosed 
and of characteristic shape (Fig. 12.121). ....... 
RPM a T Mendesellinae (p. 456) 

Fore wing with vein Rs usually extending to 
wing margin (Figs 12.122-12.127), or if 
reduced or absent then 2nd submarginal cell 
is also absent (Fig. 12.113); 2nd submarginal 
cell, when present, of various angular shapes. 


Hind wing with vein Cu&cu-a absent 
(Fig. 12.113); metasoma with tergites weakly 
sclerotized, tergites II+III flexible and capable 


16 


17 


18 


19 


20 


of bending at line of fusion; scutellar sulcus 
smooth. 

[Fore wing venation generally reduced; par- 
asitoids of aphids; most commonly collected 
above 5 00 mises Aphidiinae (p. 448) 


Hind wing with vein Cu&cu-a present 
(Fig. 12.114); metasoma with tergites well- 
sclerotized, tergite II+III solidly fused and not 
capable of bending at line of fusion; scutellar 
sulcus usually foveate, only rarely smooth. .... 


Occipital carina entirely absent, dorsally effaced 
or if weakly present, then wing venation as 
in Fig. 12.114, with long 2nd submarginal 
celle... :: CRA cett 17 

Occipital carina entire, well-developed dorsally. .. 


Fore wing with 2nd submarginal cell absent 
(Fig. 12.122), or if present then small, trian- 
gular and pointed above (Fig. 12.123); mar- 
ginal cell bounded below by 2r-rs and a single 
abscissa of Rs..................... Orgilinae (p. 461) 

Fore wing with 2nd submarginal cell present 
long, so that marginal cell is bounded poster- 
iorly by 2r-rs and two abscissae of Rs 
(EID IA) Opiinae (in part) (p. 459) 


Fore wing with 2rs-m present, thus a closed 2nd 
submarginal cell present (Fig. 12.124); tergite 
I usually not long and slender, if so, widening 
abruptly beyondimiddle mero 19 
Fore wing with 2rs-m absent, thus no closed 2nd 
submarginal cell (Figs 12.126, 12.127) or 
rarely if 2rs-m present (Fig. 12.125), then 
tergite I is long and slender, not widening 
abruptly beyond middle... mew 2il 


Metasoma with tergite I broadened abruptly 
behind the middle (Fig. 12.140). ..................... 
AGRO TELE a TIE Meteorinae (p. 457) 

Metasoma with tergite I more or less parallel- 
sided, not broadened abruptly behind middle 
(Big PAR eec 9 20 


Hind tibia with inner spur half as long as basitar- 
susi(Bigs 125140) See Homolobinae (p. 456) 


2 


D 


23 


24 


25 


26 


Hind tibia with inner spur much less than half as 
long as basitarsus (Fig. 12.143). ...................... 
R Helconinae (most tribes) (p. 455) 


First three tergites carapace-like, covering most 
of the metasoma (Fig. 12.131). ................-- 
Ee E. Helconinae (Brachistini) (p. 455) 

First three tergites not carapace-like (Fig. 
MAA cael ssevsscceisee 22 


Fore wing with distal abscissa of Rs moderately 
to very strongly curved, reaching wing margin 
well before wing apex (Fig. 12.127), or rarely 
absent; metasomal tergite I often petiolate. ..... 
REPOS RETE COO aa coca dE Euphorinae (p. 454) 

Fore wing with distal abscissa of Rs always 
present and relatively straight, reaching wing 
margin at or near wing apex (Fig. 12.126); 
metasomal tergite I usually not petiolate. ....... 
ont OCR EEE osc octane eee Blacinae (p. 449) 


Fore tibia with a longitudinal row of stout peg- 
like setae along anterior side (Fig. 12.144) 
(most easily seen in profile at high 
magnifications), or (if difficult to observe in 
small specimens) fore wing with 2rs-m some- 
times partially or completely absent, or males 
with pterostigma present in hind wing 
(Fig. 12.145). .... Doryctinae (most) (p. 452) 

Fore tibia without a longitudinal row of stout 
peg-like setae along anterior side; fore wing 
with 2rs-m normally present; males never 
with a pterostigma present in hind wing. ....... 
MEM CIT CREER: (cease oeenne eoo e EE ESER ER doa 24 


Occipital carina at least dorsally absent and/or 


Bpicnemial'carina absent. ............ ennt 25 
Occipital carina and epicnemial carina both dis- 
tinctly present (Elged2. 133). uen 28 
Occipital carina completely absent. ................ 26 
Occipital carina partially present, at least later- 
DS SS A A e a 27 


Mandible bidentate; compound eye of normal size 
(Fig. 12.138); body not densely setose. ........... 
Braconinae (p. 449) 


eethsssoseosseceveceosecdoteoresevenooe 


27] 


28 


29 


30 


Mandible unidentate; compound eye abnormally 
small (Fig. 12.137), sometimes rudimentary; 
body densely setose. 

[Small, rarely encountered termitophilous 
species ................ Ypsistocerinae** (p. 463) 


Fore wing with 2rs-m unusually short, much less 
than 0.5 length of Rs between 2r-rs and 2rs-m 
(Fig. 12.114), or (rarely) if 2r-rs is longer, 
then pterostigma is greatly elongated and 2r- 
rstanises near its extreme Dase. ener 
E, Opiinae (in part) (p. 459) 

Fore wing with 2rs-m not unusually short, 
nearly equal to 0.5 length of Rs between 2r-rs 
and 2rs-m (Fig. 12.125); pterostigma never 
greatly elongated, 2r-rs arising 0.3-0.5 of way 
along pterostigma length, never near its 
extreme base. .............. Exothecinae (p. 454) 


Spiracles of metasomal tergites II--III situated on 
epipleura, below lateral margins of dorsal 
surface (Fig. 12.132); pterostigma normal 
(Rhyssalini) or narrow and linear, extending 
to wing apex (Hydrangeocolini). ...................... 
TE OE Rhyssalinae (p. 462) 

Spiracles of metasomal tergites I+II situated on 
dorsal surface near, but above, lateral margins 
(Fig. 12.133) and pterostigma normal, never 
narrowaandiligeat s. EE DO 


Propodeum with tubercles or spines at lateral 
corners (Fig. 12.133); tergites II+III fully scle- 
rotized, entirely smooth and polished and 
without a sclerotized dividing line between 
tergite I] anditengiteiii. isere 
CET Pambolinae (p. 461) 

Propodeum without tubercles or spines at lateral 
corners (Fig. 12.112); tergites M-+III either 
with distinct surface sculpture, not entirely 
smooth and polished, with a distinct dividing 
line between tergite II and tergite III, or exten- 
sively ESO ERA dr 30 


Propodeum with a large area superomedia 
(Fig. 12.146); dorsal carinae of metasomal 
tergite I widely separated posteriorly; tergites 
II+III extensively membranous. ......................- 
an a T Hormiinae (p. 456) 
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Figs 12.113-12.119. Braconidae. Figs 12.113-12.114. Fore and hind wings; 12.113, Lysiphlebus sp. (Aphidiinae); 12.114, 
Opius sp. (Opiinae). Figs 12.115-12.119. Fore wing; 12.115, Cardiochiles sp. (Cardiochilinae); 12.116, Cotesia sp. 
(Microgastrinae): 12.117, Coccygidium sp. (Agathidinae); 12.118, Chelonus sp. (Cheloninae); 12.119, Adelius sp. (Adeliinae). 


.12.2 Braconidae — det - 443 


Figs 12.120-12.127. Braconidae, fore wing; 12.120, Muesebeckia sp. (Ichneutinae); 12.121, Epsilogaster sp. (Mendesellinae); 
12.122, Orgilus sp. (Orgilinae); 12.123, Stantonia sp. (Orgilinae): 12.124, Meteorus sp. (Meteorinae); 12.125, Colastes sp 


(Exothecinae); 12.126, Blacus sp. (Blacinae); 12.127, Microctonus sp. (Euphorinae). 


GIS 


QR 


Figs 12.128-12.130. Braconidae. Figs 12.128-12.129. Head and body, lateral; 12.128, Betylobraconinae; 12.129, 
Cardiochiles sp. (Cardiochilinae); Fig. 12.130, Propodeum and metasoma, lateral; Microctonus sp. (Euphorinae). 


Figs 12.131-12.140. Braconidae. Figs 12.131-12.133. Meso- and metasoma lateral; 12.131, Brachistini; 12.132, 
Hydrangeocola sp. (Rhyssalinae); 12.133, Pambolus sp. (Pambolinae). Figs 12.134-12.136. Metasoma, dorsal; 12.134, 
Gnamptodontinae; 12.135, Mirax sp. (Miracinae); 12.136, Cotesia sp. (Microgastrinae). Figs 12.137-12.138. Head, anterior; 
12.137, Ypsistocerinae; 12.138, Bracon sp. (Braconinae). Figs 12.139-12.140. Tergite I of metasoma, dorsal; 12.139, 
Homolobus sp. (Homolobinae); 12.140, Meteorus sp. (Meteorinae). 


142 


143 


Figs 12.141-12.146. Braconidae. Fig. 12.141, Hind trochantellar segments, Macrocentrus sp. (Macrocentrinae). Figs 
12.142-12.143. Hind tibial spurs; 12.142, Homolobus sp. (Homolobinae); 12.143, Diospilus sp. (Helconinae). Figs 
12.144-12.145. Doryctinae. 12.144, fore tibia, Heterospilus sp.; 12.145, hind wing, Heterospilus sp. male. Fig. 12.146. 


Propodeum, dorsal, Hormius sp. (Hormiinae). 


—  Propodeum usually without a distinct area 
superomedia, or if present then it is relatively 
small; dorsal carinae of tergite I converging 
posteriorly (often meeting near the front of the 
tergite); tergites I+II always well sclerotized 
and with extensive and distinct surface sculp- 
A A OA teretes 
A eee Rogadinae (p. 461) 


Synopsis of the Costa Rican taxa 


The Braconidae occur in virtually all terrestrial habi- 
tats in Costa Rica, but although many are common in 
open dry areas, the greatest number of species occurs in 
moist forested areas. The Opiinae and Alysiinae, whose 
dipteran hosts are most frequently encountered in 
moist situations (Wharton, 1984), are significantly 
more abundant and species-rich in humid areas. The 
braconid fauna of freshwater habitats has not been 
investigated in Costa Rica, but in temperate regions 


some dacnusine Alysiinae are associated with such 
habitats, where they parasitize agromyzid and ephydrid 
larvae mining in leaves and stems of emergent aquatic 
vegetation (Riegel, 1950; Griffiths, 1964). Some species 
may even enter the water to oviposit (Hagen, 1984). 
Some Opiinae and Braconinae are also semi-aquatic. 
For example, the palaearctic braconine genus 
Baryproctus has enlarged distal tarsal segments 
enabling it to run on the surface of still water (Quicke & 
Sharkey, 1989). 

The subfamilies of Braconidae known or expected 
to occur in Costa Rica, although arranged alphabeti- 
cally here for convenience, can be placed in informal 
groups that share a number of common features 
(Wharton et al., 1992). The most distinctive of these 
are: the microgastroid complex (including Adeliinae, 
Cardiochilinae, Cheloninae, Dirrhopinae, Ichneutinae, 
Mendesellinae, Microgastrinae, Miracinae) and the 
helconoid complex (including Agathidinae, Blacinae, 
Euphorinae, Helconinae, Homolobinae, Macrocentrinae, 
Meteorinae, Orgilinae, Sigalphinae). There is continu- 
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Figs 12.147-12.150. Scanning electron photomicrographs of faces of Braconidae; 12.147, Gnathopleura sp. (Alysiinae); 
12.148, Aleiodes sp. (Rogadinae); 12.149, Orgilus sp. (Orgilinae); 12.150, Chelonus sp. (Cheloninae). 


ing debate as to whether the so-called “cyclostome” 
subfamilies (including the Betylobraconinae, Braco- 
ninae, Doryctinae, Exothecinae, Gnamptodontinae, 
Hormiinae, Pambolinae, Ypsistocerinae, Rogadinae, 
Rhyssalinae and the Alysiinae + Opiinae) comprise a 
paraphyletic grade or a monophyletic lineage. The 
Aphidiinae appear to comprise a solitary clade inter- 
mediate between these other groups. 


ADELIINAE* 

This small subfamily comprises about 20 species 
worldwide, and is represented in North America by 
only five described species in two genera, Adelius and 


Paradelius (Marsh in Krombein et al., 1979; Whitfield, 
1988c), the latter of which also occurs in the 
Afrotropics. Adeliines are inconspicuous and are 
rarely encountered. They develop as koinobiont 
endoparasitoids of leaf-mining larvae of Nepticulidae. 
Oviposition is probably into the egg of the host (M.R. 
Shaw & Huddleston, 1991) and pupation is within the 
cocoon of the host. 


AGATHIDINAE 

The Agathidinae is a large and homogeneous subfam- 
ily of more than 48 genera and 840 species worldwide 
(Chou & Sharkey, 1989). They have a distinctive fore 
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wing venation and many tropical species are brightly 
coloured, often with conspicuous colour patterns on 
the wings. Monophyly of the subfamily is indicated by 
two synapomorphies: vein M of the fore wing is sep- 
arated from the prestigma by a wing fold and usually 
an associated bulla (Sharkey, 1986a), and males have 
setal brushes associated with glands on metasomal 
terga VII and VIII (Buckingham & Sharkey, 1988). 

Agathidines are koinobiont endoparasitoids of 
endophytic lepidopterous larvae. Most species attack 
hosts living in concealment in leaf rolls, silk webs, 
flower heads or plant stems, especially species of 
Coleophoridae, Pyralidae, Tortricidae, Gelechiidae, 
Cochylidae and Incurvariidae (Muesebeck, 1927; 
Marsh, 1961; Shenefelt, 1970b; Sharkey, 1985, 
1988; Chou & Sharkey, 1989), while a common 
species of Bassus in Santa Rosa National Park is 
known to attack a range of hesperiids (D.H. Janzen, 
pers. comm.). Some neotropical agathidines with short 
ovipositors may parasitize exposed larvae, possibly 
those of catocaline Noctuidae (Sharkey, 1983) and 
definitely some Arctiidae (D.H. Janzen, pers. comm.). 
Agathidines use their long ovipositors to probe for 
hosts in frass-ridden tunnels and retreats. Most species 
oviposit into an early instar host larva, often into a 
nerve ganglion or the protocerebrum (Quednau, 
1970; Odebiyi & Oatman, 1977), but in some species 
into the haemocoel (Simmonds, 1947). The first instar 
larva is polypodeiform (Hagen, 1964) and develop- 
ment is delayed until after the host is in its pupation 
retreat. The parasitoid emerges and spins its cocoon 
within the host's pupation chamber (Thorpe, 1933; 
Simmonds, 1947; Dondale, 1954; Hummelen, 1974). 

Genera recorded from Costa Rica are: Agathis, 
Alabagrus (18 spp. recorded from Costa Rica; Sharkey, 
1988), Bassus (Sharkey, 1985), Coccygidium (= 
Zelomorpha), Crassomicrodus, Cremnops,  Earinus, 
Mesocoelus, Pharpa (Sharkey, 1986b), Plesiocoelus and 
Zacremnops (Sharkey & Wharton, 1985; Sharkey. 
1990). 


ALYSIINAE 


Alysiinae is a very large cosmopolitan subfamily that 
comprises more than 1100 species worldwide, cur- 
rently placed in about 60 genera (Shenefelt, 1974; 
Fischer, 1975; Wharton, 1977b) and two tribes, 
Dacnusini and Alysiini. A conspicuous and distinctive 
characteristic of the group is their exodont (out- 
turned) mandibles; this trait has evolved indepen- 
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dently in some Hormiinae and Opiinae (Wharton, 
1977a) but these other taxa are extremely rare. 
Alysiines are koinobiont endoparasitoids of the larvae 
of cyclorrhaphous Diptera. Most are solitary, but a few 
Aphaereta species are gregarious (Salkeld, 1959; 
Hughes & Woolcock, 1976). Dacnusini are almost 
exclusively parasitoids of Agromyzidae, and generally 
species are quite host-specific (Griffiths, 1964). Alysiini 
have a much broader host range, utilizing 25 different 
cyclorrhaphan families (Wharton, 1984), although 
there is some degree of host preference at the generic 
level. For example, Aspilota species usually parasitize 
phorids and many  Phaenocarpa species utilize 
anthomyiid or scathophagid hosts. Alloea species are 
restricted to the Lonchopteridae and Gnathopleura 
species are only recorded from calypterate muscoids 
(Wharton, 1984). Some species are hyperparasitoids, 
developing in phorid, tachinid and sarcophagid 
primary parasitoids (Kulman, 1965; Wharton, 1984). 
Oviposition by alysiines is usually into a larval fly, or 
rarely into a dipteran egg (Evans, 1933). Pupation is 
internal, within the host puparium, from which the 
adult alysiine escapes by using its exodont mandibles 
to pry apart an exit. 

Both tribes occur in Costa Rica but the Alysiini are 
much more diversified and frequently encountered. 
The nearctic genera of the tribe Alysiini were reviewed 
by Wharton (1980), and a key to the New World 
genera was included. Genera of Alysiini present in 
Costa Rica include: Alysia (Wharton, 1986, 1988b), 
Alysiata, Aphaereta (Wharton, 1977b), Asobara, 
Aspilota (especially diverse in Costa Rica and abundant 
at high elevations; Wharton, 1985), Gnathopleura, 
Oenonogastra and Phaenocarpa. Thus far the only 
genera of Dacnusini (Riegel, 1952, 1982) encoun- 
tered in Costa Rica are Chorebus and Coelinius. 


APHIDIINAE 


Although quite species-rich in the Holarctic region, 
this subfamily is sparsely represented in Costa Rica, 
occurring primarily at altitudes above 1500 metres 
and up to 3000 metres on the Cerro de la Muerte, or 
in crops. Aphidiines are solitary koinobiont endopara- 
sitoids of nymphs and adults of ovoviviparous 
Aphidoidea; even aphid embryos may be parasitized 
while still inside their mother (Mackauer € 
Kambhampati, 1988). The exclusively oviparous 
groups, such as Phylloxeridae and Adelgidae, are 
apparently not attacked. Aphidiines have a variety of 


attack strategies including grasping the host with the 
legs or metasomal process, rapid thrusting with the 
ovipositor and laying an egg in any site or, less com- 
monly stinging and inducing temporary paralysis 
before ovipositing into the fused thoracico-abdominal 
ganglia (Griffiths, 1960; Schlinger & Hall, 1960, 
1961; Calvert & van den Bosch, 1972). It is possible 
that the aphidiine leaves a pheromone-like external 
marker on the host after oviposition (Chow & 
Mackauer, 1986). Host suitability is determined by the 
age of the host and the parasitoid (Tardieux & 
Rabasse, 1988) as well as the number and depth of 
sting (Tardieux & Rabasse, 1990). There are three 
larval instars (O’Donnell, 1982, 1987). Most aphidi- 
ines pupate within the mummified host cuticle, 
although the larvae of some genera (e.g. Praon) 
emerge from the host and spin a tent-like cocoon 
directly beneath the aphid, attaching the remains to 
the substrate (Beirne, 1942; Schlinger & Hall, 1960; 
Johnson, 1987). Stary (1970) provided a review of the 
biology of the subfamily and Mackauer (1968) listed 
host records for the world species. The Aphidiinae rep- 
resent one of the most important groups of biological 
control agents of aphid pests (Stary, 1967a & b, 
1968a-c). 

Keys to species are available for Mexico (Stary & 
Remaudiére, 1982, 1983; Stary, 1983) and Cuba 
(Stary, 1981). However, caution is required in using 
them since some characters traditionally used to sep- 
arate species are more variable than previously sup- 
posed (Pungerl, 1983). Genera present in Costa Rica 
include: Aphidius, Binodoxys, Diaretiella (reared from 
Myzus persicae), Lysiphlebus (reared from Aphis nerii 
and Toxoptera aurantii), Monoctonus (collected only 
from very high altitudes, above 2500 m), Praon and 
Trioxys. 


BETYLOBRACONINAE 

A very small subfamily occurring in the Australian 
(Achterberg, 1991), nearctic (Quicke & Achterberg, 
1990) and neotropical (Achterberg, pers. comm.) 
regions. Their phylogenetic placement is by no means 
resolved (Quicke € Achterberg, 1990; Wharton et al., 
1992). Although they are often treated as a distinct 
subfamily, some workers consider them to be an aber- 
rant lineage of the Rogadinae (Wharton, pers. 
comm.). Betylobraconines are represented in Costa 
Rica by two minute species (body length 1.5 to 2.5 
mm) which superficially resemble some diapriids. One 


has been collected in the Golfo Dulce Forest Reserve 
(c. 100 m) whilst the second is from Zurqui de 
Moravia (1600 m). Their hosts are not known. 


BLACINAE 


A relatively small, cosmopolitan subfamily comprising 
about 165 described species (Achterberg, 1988c). The 
Blacinae, as it was traditionally recognized (e.g. Marsh 
in Krombein et ål., 1979), was a “catch-all“ subfamily. 
Several genera formerly placed in it have been trans- 
ferred to the Helconinae (Mason, 1974), Euphorinae 
(S.R. Shaw, 1985) or Orgilinae (Muesebeck, 1970). 
The monophyly of the Blacinae, even in its more 
restricted sense, has yet to be convincingly demon- 
strated (Quicke & Achterberg, 1990). 

Very little is known about the biology of Blacinae, 
but Blacus species are thought to be koinobiont 
endoparasitoids of a variety of coleopteran larvae in 
damp decaying vegetation, including those of 
Staphylinidae, Nitidulidae, Cryptophagidae, Scolytidae, 
Anobiidae, Curculionidae and Cerambycidae. Records 
of them as parasitoids of dipterous larvae in similar 
situations require verification, and are believed by 
some authors (e.g. M.R. Shaw & Huddleston, 1991) to 
be erroneous. Blacine species have been revised by 
Achterberg (1975, 1988d), but relatively little is 
known about the neotropical fauna. Twenty-two 
blacine species are described from the Neotropics, but 
none has previously been recorded from Costa Rica. 
Several Blacus species are now known to occur in the 
country, including an undescribed species of the sub- 
genus Artocrus, previously known only from Brazil 
and Argentina. 


BRACONINAE 

A very large, cosmopolitan subfamily comprising more 
than 150 genera and 5000 species worldwide 
(Quicke, 1988b, 1989a) and one genus, Bracon, is 
estimated to include more than 2000 species world- 
wide (Achterberg, 1988b). Although braconines are 
very diverse in the tropics their centre of diversity 
seems to be the Old World, and the group is rather 
less species-rich in the New World (Quicke, pers. 
comm.). The vast majority of braconines are solitary 
or gregarious idiobiont ectoparasitoids of subcorti- 
colous or endophytic holometabolous insect larvae, 
although Afrotropical species of the Aspidobraconina 
are unusual in being endoparasitoids of exposed 
butterfly pupae (Achterberg, 1984c). The hosts of 


most braconines are the larvae of Coleoptera or 
Lepidoptera (Muesebeck, 1925; Shenefelt, 1943, 
1978; Quicke, 1988d, 1989a), although occasionally 
Diptera or Hymenoptera (Munro, 1917) may be 
attacked. Several species of Bracon were reared in a 
survey of leaf-miners in northwestern Costa Rica 
(Memmott et al., 1994) including two that attack a 
wide range of coleopterous and lepidopterous hosts 
mining in several plant families. These host records 
are summarized in Table 12.8, to serve as an example 
of the range of hosts attacked by a species in a given 
area. 

Many braconine species parasitize stem-boring 
hosts, so they are one of the parasitoid groups most 
frequently reared from lepidopterous borers of grami- 
naceous crops (e.g. Wharton et al., 1989). Several 
species have been investigated for biological control of 
endophytic crop pests. 

Recent studies of the neotropical fauna are Quicke 
(1988a, c € d; 1989a—<); work on the nearctic fauna 
(Mason, 1978b; Quicke, 1988b; Quicke & Sharkey, 
1989) will also be useful in helping to identify tropical 
American genera. Those present in Costa Rica include: 
Atanycolus, Bracon (Muesebeck, 1925, as Microbracon), 
Calobracon, Compsobraconoides, Compsobracon, Cyanop- 
terus, Digonogastra (Quicke, 1988c), Habrobracon, 


Parasitoid Host 


Bracon sp 1 Chalepus spp. (Chrysomelidae) 


Cosmopterix sp (Cosmopterigidae) 


Elachista sp. (Elachistidae) 
Gracillariidae indet. 


Oxychalepus auticornis (Chrysomelidae) 
Oxychalepus postdatus (Chrysomelidae) 


Scythridae indet. 

Uroplata fusca (Chrysomelidae) 
Bracon sp 2 Brachys sp. (Buprestidae) 
Chalepus spp. (Chrysomelidae) 


Cosmopterix sp (Cosmopterigidae) 


Baliosus sp. (Chrysomelidae) 


Oxychalepus auticornis (Chrysomelidae) 
Oxychalepus auticornis (Chrysomelidae) 
Oxychalepus postdatus (Chrysomelidae) 


Uroplata fusca (Chrysomelidae) 
Uroplata sp. (Chrysomelidae) 


Lasiophorus, Megabracon, Myosoma, Palabracon, Pheloura, 
Sacirema and Vipio (= Isomecus). 


CARDIOCHILINAE 


This is a moderately diverse cosmopolitan subfamily, 
species of which are solitary koinobiont endopara- 
sitoids of endophytic lepidopteran larvae, especially 
Pyralidae and Noctuidae (Shenefelt, 1973a; 
Huddleston & Walker, 1988). The group is repre- 
sented in Costa Rica by several species of Cardiochiles, 
a large genus comprising more than about 150 
species worldwide, as well as by some species of 
Toxoneuron and Tenthredoides. The Mexican (Mao, 
1945) and North American (Mao, 1949) Cardiochiles 
species have been revised, and to some extent these 
studies are useful for identifying species present in 
Costa Rica. 


CHELONINAE 


The Cheloninae is a large cosmopolitan subfamily 
with more than 500 known species worldwide 
(Walker & Huddleston, 1987). Chelonines have a dis- 
tinctive metasomal carapace, formed by the fusion the 
first three metasomal terga (Dudarenko, 1974). 
Although members of several other braconid subfami- 
lies (e.g. Rogadinae, Helconinae) have convergently 


Host food-plant 


Lasiacis sp. (Gramineae) 

Lasiacis sp. (Gramineae) 

Olyra latifolia (Gramineae) 

Luehea sp. (Tiliaceae) 

Centrosema pubescens (Leguminosae) 
Cassia hayesiana (Leguminosae) 
Lasiacis sp. (Gramineae) 

Arrabidaea mollisima (Bignoniaceae) 


Gouania polygama (Rhamnaceae) 
Lasiacis sp. (Gramineae) 

Juncus sp. (Juncaceae) 

Helicteres guazumaefolia (Sterculiaceae) 
Centrosema pubescens (Leguminosae) 
Leguminosae indet. 

Cassia hayesiana (Leguminosae) 
Arrabidaea mollisima (Bignoniaceae) 
Lantana camara (Verbenaceae) 


Table 12.8. Host relationships of two species of Bracon parasitizing leaf miners in Santa Rosa National Park. 
This table is abstracted from data based on extensive sampling of a range of leaf-miners in dry forest over a two 
year period (Memmott et al., 1994). Note none were found to attack any of the common agromyzids present. 


Fig. 12.151. 


evolved a similar metasomal carapace, chelonines are 
the most commonly encountered group with this 
characteristic. Chelonines are solitary koinobiont egg- 
larval endoparasitoids of Lepidoptera. Most. attack 
hosts that feed in concealment, such as Tortricoidea, 
Pyraloidea and Gelechioidea (Shenefelt, 1973b; M.R. 
Shaw & Huddleston, 1991), although some Chelonus 
species attack noctuids (Marsh, 1978). Some have a 
fairly broad host range (Broodryk, 1969a). The host 
larva is not killed until after it has spun its cocoon 
(Vance, 1932a), but cocoon-spinning behaviour is ini- 
tiated prematurely in a pre-ultimate instar host by 


Chelonus sp. (Cheloninae). 


some species of Chelonus that attack larger hosts 
(Soldevila & Jones, 1993). Cheloninae have only three 
larval instars and the third completes its feeding exter- 
nally (Vance, 1932a). This last instar spins a small 
whitish cocoon and pupates within the cocoon or 
pupation chamber of the host. 

Genera present in Costa Rica are Ascogaster, 
Chelonus, Leptodrepana and Phanerotoma; they may be 
distinguished using Table 12.9. Although species of 
these genera are common in Central America, none 
have been revised in the region. The nearctic species 
of Ascogaster were reviewed by S.R. Shaw (1983) and 


[ae carapace with two transverse grooves 
—Metasomal carapace without transverse grooves 


—1st discal and submarginal cell confluent 


—1st discal and 1st submarginal cells separated 


—Eyes more or less hairless 


—Eyes bearing even short hairs 


Table 12.9. 


the  nearctic species of  Chelonus (subgenus 


Microchelonus) by McComb (1967). 


DORYCTINAE 


The Doryctinae is a large, cosmopolitan subfamily 
which is perhaps most species-rich in the New World 
tropics, where its diversity rivals that of the 
Braconinae in the Old World tropics. The subfamily is 
demonstrably monophyletic based on two synapomor- 
phies: the possession of a double node at the apex of 
the ovipositor (Quicke et al., 1992b); and presence of a 
row or cluster of stout spines along the anterior edge 
of the fore tibia (Marsh, 1965; Achterberg, 1984a). 
These spines may assist the adult parasitoid to escape 
from the endophytic habitat of its host in which it 
pupates. The spines are easily observable in larger 
doryctines, but they may be quite difficult to see in 
minute species (e.g. many Heterospilus). They are 
apparently secondarily absent in Sericobracon (S.R. 
Shaw é: Edgerly, 1985). 

Doryctines are mostly idiobiont ectoparasitoids of 
subcorticolous or endophytic Coleoptera larvae, espe- 
cially those of the families Bostrichidae, Buprestidae, 
Cerambycidae, Lyctidae and Scolytidae (Marsh, 1965; 
Shenefelt & Marsh, 1976). Consequently in the field 
individuals are frequently found in association with 
dead or damaged trees, firewood and brush piles. 
Species of Stenocorse parasitize bruchids in leguminous 
tree seeds (Marsh, 1968) and one species, S. 
bruchivora, has been observed to be the most abundant 
braconid reared from bruchid-infested fruits in Costa 
Rica (Whitehead, 1975). Some Allorhogas species have 
also been reared from legume seeds (Whitehead, 
1975) and others are associated with plant galls 
(Guimaraes, 1957; Marsh, in Krombein et al., 1979). 


Phanerotoma 


Chelonus 


Ascogaster 


Leptodrepana 


Identification table for Costa Rican genera of Cheloninae. 


The exact nature of most of these associations of 
Allorhogas remains to be clarified, but a Brazilian 
species is phytophagous, forming galls in the seeds of 
Pithecellobium (Macédo & Monteiro, 1989). A related 
Costa Rican species appears also to be phytophagous 
(P, Hanson, pers. comm.). A very different host associ- 
ation for a doryctine is shown by Sericobracon, which 
in Trinidad has been reared from webspinners 
(Embiidina) (S.R. Shaw & Edgerly, 1985). Field obser- 
vations by J. Edgerly indicate that Sericobracon is an 
idiobiont endoparasitoid. 

The most frequently encountered doryctines in 
Costa Rica belong to Heterospilus, a genus represented 
in the country by at least 39 species. These small sized 
doryctines are easily distinguished from other doryc- 
tine genera by the reduction of vein 2rs-m in the fore 
wing, which is always desclerotized posteriorly and 
often completely absent. Males have a prestigma in 
the hind wing, an unusual characteristic that is seen 
in a few other doryctine genera, but otherwise 
is unique in the Hymenoptera. Heterospilus species 
parasitize a wide range of endophytic, mostly stem- 
boring, hosts (Marsh, 1982a), including, in the Coleo- 
ptera: Anobiidae, Bostrichidae, Bruchidae, Buprestidae, 
Cerambycidae, Curculionidae, Languriidae, Mor- 
dellidae and Scolytidae, and in the Lepidoptera: 
Gelechiidae, Incurvariidae, Pyralidae and Tortricidae. 
One Costa Rican species, H. microstigmi attacks the 
larvae of Microstigmus comes (Sphecidae) (Matthews, 
1991). Two Mexican species have been reared from 
the cotton boll weevil (Marsh, 1982b). 

Members of the tribe Spathiini are distinguished 
from other doryctines by their petiolate first metaso- 
mal segment. Spathius is a cosmopolitan genus with 
over 300 described forms, which are mostly ectopara- 


sitoids of wood-boring coleopterous larvae, predomi- 
nantly Scolytidae (Matthews, 1970a). Spathiines have 
radiated extensively in the Neotropics, the diversity 
being perhaps comparable to that found by Nixon 
(1943) in the Old World Malesian archipelago, which 
he considered to be the centre of distribution. Many of 
the neotropical species comprise a distinct lineage 
(Matthews & Marsh, 1969; Matthews, 1970a) that 
has been treated as a separate genus, Notiospathius 
(Matthews & Marsh, 1973; Shenefelt & Marsh, 1976). 
There are at least 14 species of Notiospathius in Costa 
Rica from sea-level up to 1600 metres, but only one 
species of Spathius has been collected. 

Other doryctine genera present in Costa Rica 
include: Acanthorhogas, Acrophasmus (Marsh, 1968), 
Aivalykus, Curtisella, Doryctes (Marsh, 1969), Ecphylus 
(at least eight species, one described; Matthews, 
1969), Heerz (one species, H. lukenatcha, present in 
Atlantic lowland forest; Marsh, 1993), Janzenia (one 
species, J. gauldi, has been collected in lowland dry 
forest between April and June; Marsh, 1993), 
Johnsonius (two species in Pacific lowland wet forest, 
Marsh, 1993), Liobracon (Marsh, 1970a), Masonius 
(one species, M. fasciatus collected in Santa Rosa 
National Park; Marsh, 1993), Megaloproctus (Marsh, 
1983), Monolexis (Marsh, 1965), Nervellius (Marsh, 


. 12.2 Braconidae ——— 


1988), Odontobracon (with a large, curved dorsal tooth 
on the hind coxa; Marsh, 1970b, 1988), Pedinotus 
(Matthews, 1969; Marsh, 1970a),  Pioscelus, 
Psenobolus (found in fruits of certain fig species), 
Rhaconotus (Marsh, 1976), Rhoptrocentroides (single 
widespread species, R. platyfemur; Marsh, 1993) and 
Semirhytus. Other genera expected to occur are Coiba, 
Glyptocolastes, Hecabolus,  Leluthia, Parallorhogas, 
Whartonius and Whitfieldia. A key to doryctine genera 
is given by Marsh (1993). 

A few doryctine species are among the largest and 
most strikingly coloured Braconidae in Costa Rica. For 
example Megaloproctus xanthus, from the Caribbean 
lowlands up to Turrialba, is 17.0 mm long, including 
the ovipositor, and has a bright yellowish orange 
mesosoma and metasoma. 


MONITORIELLA (genus incertae sedis). The enigmatic 
genus Monitoriella is here provisionally placed with 
the Doryctinae as the anterior surface of its fore tibia 
does have modified stout setae, especially at the apex, 
although these are neither so peg-like nor so apparent 
as those of many doryctines. Although Hedqvist 
(1963) included Monitoriella in the Hormiinae, he 
stated that it is ‘related to some genera of Doryctinae’. 
However, Monitoriella does not appear to have the 


Fig. 12.152. Gall on leaf of Philodendron believed to be produced by Monitoriella sp. (Braconidae). 


double node of the ovipositor and Paul Marsh (pers. 
comm.) has not found any synapomorphy uniting it 
with any group of Doryctinae. Clearly further study is 
needed to resolve its placement. It has been placed in 
the Hormiini (Hedqvist, 1963; Marsh in Krombein et 
al., 1979) but studies of this group have demonstrated 
that it should be excluded (Whitfield, 1989, 1992; 
Wharton, 1993b). The latter author concluded that 
‘the relationships of Monitoriella are unresolved’ and 
suggested placement in the Pambolini based on ‘head 
shape and weak propodeal tubercles’. However, it 
lacks the smooth and polished tergites II+III (an 
important synapomorphy for the Pambolini), whilst 
the head shape varies in both groups and the 
propodeal tubercles of Monitoriella are never so devel- 
oped as in the Pambolini. 

Monitoriella occurs from southern Texas south 
through Central America to Peru (Hedqvist, 1963; 
Marsh in Krombein et al., 1979; Wharton, 1993b). At 
least three species occur in Costa Rica at sites between 
200 and 1600 metres. Species have been reared from 
galls on the leaves of Philodendron (Araceae) (Fig. 
12.152). It is probable that they actually cause this 
gall, and that their larvae are phytophagous 
(P. Hanson, pers. comm.). 


EUPHORINAE 


A large and diverse subfamily, with 32 genera world- 
wide, which are classified in three sections and nine 
tribes (S.R. Shaw, 1985). Euphorines are solitary or 
gregarious koinobiont endoparasitoids of adult 
Coleoptera (Centistes, Dinocampus, Microctonus, 
Perilitus; Balduf, 1926; Jackson, 1928; Loan & 
Holdaway, 1961a & b; Waloff, 1961), adult 
Hymenoptera (Syntretus; Cole, 1959b; Alford, 1968), 
adult Neuroptera (Chrysopopthorus; Séméria, 1976), 
nymphal and adult Hemiptera (Aridelus, Leiophron, 
Wesmaelia), and nymphal and adult Psocoptera 
(Euphoriella; Sommerman, 1956). In those species 
attacking the adult stage of the host, the latter may 
remain alive for a day or so after the emergence of 
the final instar euphorine larva. Parasitism of female 
hosts usually results in reduced egg production but 
parasitism may not affect fertility of male hosts 
(Weiss & Williams, 1980). Euphorines that parasitize 
Heteroptera usually oviposit into early 
nymphal instars and emerge from later nymphal 
instars or the adult (Waloff, 1967; Loan, 1980; 
Debolt, 1981). 


At the subfamily level, the Euphorinae have a host 
range that is substantially broader than that of any 
other braconid subfamily, presumably because of the 
evolution of parasitism of adult insects (Muesebeck, 
1936; Tobias, 1966; S.R. Shaw, 1985, 1988a). It is 
hypothesized that adult-parasitism evolved through 
parasitism of Chrysomelidae, whose adults and larvae 
occur on the same plants and have similar feeding 
habits (Tobias, 1966; S.R. Shaw, 1988a). Subsequent 
evolution mostly involved diversification among phy- 
tophagous coleopteran host groups (especially 
Chrysomelidae, Curculionidae and Scolytidae), as well 
as exploitation of some predaceous beetles (e.g. 
Carabidae, Coccinellidae). Adoption of other host 
orders probably evolved initially through the para- 
sitism of other common host species with similar 
feeding habits in the same microhabitat. Parasitism of 
adult hymenopterans by the Syntretini probably 
involves attacking hosts while they are feeding at 
flowers (S.R. Shaw, 1988a; Walker et al., 1990a). 

The euphorine genera of the world were reviewed 
by S.R. Shaw (1985), and their phylogeny and 
biology was reviewed by S.R. Shaw (1988a). 
Although euphorines are rather diverse in the tropics, 
only a few studies are pertinent to neotropical species, 
and most of the Costa Rican species are undescribed. 
Seven tribes and 15 genera have been found in 
Costa Rica: Aridelus (Papp, 1965), Centistes, Chryso- 
pophthorus (Mason, 1964), Cryptoxilos, Dinocampus, 
Euphoriella, Leiophron, Microctonus, Orionis (S.R. 
Shaw, 1987), Perilitus, Peristenus, Streblocera, 
Syntretus, Townesilitus (Haeselbarth & Loan, 1983), 
and Wesmaelia. The genus Betelgeuse was recently 
described from Mexico but has not yet been seen from 
Costa Rica (S.R. Shaw, 1988b). In Costa Rica a 
species of Cryptoxilos has been reared from adults of 
the Cecropia petiole-borer (Scolytidae: Scolytodes sp.) 
(P. Hanson, pers. comm.). 


EXOTHECINAE 


A small subfamily comprising the predominantly hol- 
arctic tribe Exothecini (sensu Achterberg, 1983b; 
Whitfield, 1989), represented in Costa Rica by at least 
one species each of the genera Colastes and 
Xenosternum. Exothecines are mostly solitary ectopara- 
sitoids of leaf-mining Lepidoptera, Hymenoptera, 
Diptera, or Coleoptera larvae (Muesebeck, 19325; 
Shenefelt, 1975; Achterberg, 1983b; M.R. Shaw, 
1983). Some species, such as Colastes braconius, are 


12.2 Braconidae 


broadly polyphagous, attacking a wide range of leaf- 
mining hosts (M.R. Shaw, 1983). 


GNAMPTODONTINAE 


A small subfamily comprising the single tribe 
Gnamptodontini (sensu Whitfield, 1989), represented 
in Costa Rica by several species of Gnamptodon and 
Pseudognamptodon. Gnamptodontines are thought to 
be solitary endoparasitoids of leaf-mining Nepticulidae 
(Achterberg, 1988a; M.R. Shaw & Huddleston, 1991). 
The host larva regains mobility after parasitization 
(Whitfield, 1989), 


HELCONINAE 


A moderately large subfamily, divided into four tribes: 
Brachistini, Cenocoelini, Diospilini and Helconini. All 
except the last are known to be present in Costa Rica. 
Helconines are koinobiont endoparasitoids, most 
usually utilizing subcorticolous or endophytic 
Coleoptera larvae, and less commonly Lepidoptera 
larvae, as hosts. Where known species are solitary par- 
asitoids and pupate within the host’s pupation site 
(Pechuman, 1939; Obrtel, 1960; Haeselbarth, 1962), 
but details of the biology of most species are unknown. 


HELCONINAE: Brachistini. This is the largest tribe 
(sensu Mason, 1974) in the subfamily and species 
parasitize a wide array of hosts, most frequently 
species of Bruchidae and Curculionidae, but less 
commonly also members of the coleopteran families 
Anobiidae, Cerambycidae and Mordellidae, and the 
lepidopteran family Coleophoridae (Martin, 1956; 
Mason, 1974; Gauld & Bolton, 1988). Some 
brachistines (Eubazus) are egg-larval parasitoids 
(Martin, 1956; Alauzet, 1987), and the habit may 
be typical of all members of the tribe (M.R. Shaw & 
Huddleston, 1991). There are three larval instars 
and the final instar larva emerges from the host in 
its pupation chamber to complete feeding externally. 
Genera present in Costa Rica include: Aliolus, 
Allodorus, Eubazus,  Nealiolus, Triaspis and 
Urosigalphus. Species of Urosigalphus are mostly 
endoparasitoids of seed-infesting bruchid and cur- 
culionid larvae, although a few species parasitize 
twig and gall infesting weevils (L. Gibson, 1972a & 
b). Gibson (1972b) treated 21 species of Urosigalphus 
occurring in Central America, including the Costa 
Rican species U. avocadoae and U. flavens, associated 
with avocado and cacao, respectively. 


HELCONINAE: Cenocoelini.. Species of this tribe are 
mainly tropical in distribution, and are sometimes 
treated as a separate subfamily (Achterberg, 1984a; 
Gauld & Bolton, 1988; Quicke & Achterberg, 1990). 
Cenocoelines are quite distinctive in having the 
metasoma inserted very high upon the propodeum, 
much as in an evaniid. Although the Cenocoelini is 
undoubtedly monophyletic, it is more difficult to 
establish the phylogenetic position of the tribe rela- 
tive to other lineages (Wharton et al., 1992). Since 
Don Quicke and Kees van Achterberg were unable 
to establish the phylogenetic position of the 
Cenocoelini, and they did not establish the mono- 
phyly of the Helconinae in the absence of the ceno- 
coeline lineage, a more conservative and traditional 
classification is followed here (e.g. Marsh in 
Krombein et al., 1979; Saffer, 1982). Most 
Cenocoelius species are solitary endoparasitoids of 
wood-boring beetle larvae, especially Cerambycidae, 
but less commonly Scolytidae or Buprestidae (Saffer, 
1982). There are at least ten undescribed species of 
Cenocoelius in Costa Rica. The only named species, 
C.  andirae, is associated with  Cleogonus 
(Curculionidae) in seeds of  Andira inermis 
(Leguminosae) (Saffer, 1977). 


HELCONINAE: Diospilini. Species of this tribe are para- 
sitoids of immature Coleoptera (Mason, 1987b), and 
have been reared from Anobiidae, Cerambycidae, 
Chrysomelidae, Curculionidae, Melandryidae and 
Nitidulidae (Marsh in Krombein et al., 1979; Gauld 
& Bolton, 1988). Little is known about their biology 
except for that of a species of Diospilus that is a par- 
asitoid of Meligithes (Osborne, 1960). Osborne 
recorded that the braconid’s egg has a pedicel 
which is sometimes embedded in the host’s gut 
wall, that a trophamnion is present around the 
embryo, that the first instar larva has falcate 
mandibles and develops an anal vesicle, and that 
the final instar larva emerges from the host in its 
pupation chamber and concludes feeding externally. 
Some species may be egg-larval parasitoids (M.R. 
Shaw & Huddleston, 1991). Genera present in Costa 
Rica include Baeacis and several species of Diospilus. 


HELCONINAE: Helconini®*, Members of this tribe are 
commonly associated with wood-boring or bark- 
mining beetles, especially Cerambycidae, but also 
Buprestidae, Curculionidae, and  Melandryidae 


(Shenefelt, 1970a; Watanabe, 1972; Marsh in 
Krombein et al., 1979; Achterberg, 1987a). Little is 
known of their biology. 


HOMOLOBINAE. 


A small subfamily represented in Costa Rica by two 
genera, Homolobus and Exasticolus. Homolobines are 
solitary koinobiont endoparasitoids of macrolepi- 
dopteran larvae, especially Noctuidae and 
Geometridae. Homolobus completes its feeding as an 
ectoparasitoid (Allen, 1982), after the host has formed 
its pupation chamber. Homolobine species were 
revised by Achterberg (1979, 19845). 


HORMIINAE. 


A. small sufamily comprising two tribes, the Hormiini 
and Lysitermini, both of which are represented in the 
Costa Rican fauna. As far as is known, all are faculta- 
tive gregarious idiobiont ectoparasitoids, usually of 
concealed microlepidopterous larvae (Beeson & 
Chatterjee, 1935; Nixon, 1940). Hormiini are 
recorded from Gelechiidae, Pyralidae and Tortricidae 
(Marsh in Krombein et al., 1979). The Old World 
lysitermine genus Cedria is unusual in being the only 
known braconid where maternal brood care occurs; 
after ovipositing 12 to 26 eggs on a pyralid larva, the 
female remains with the host caterpillar, tenaciously 
guarding her brood against chalcidoid hyperpara- 
sitoids (Beeson & Chatterjee, 1935). Genera of 
Hormiinae present in Costa Rica include Allobracon, 
Hormius and Lysitermes. 


ICHNEUTINAE 


The Ichneutinae is a small, mostly holarctic subfamily, 
comprising two tribes, the Ichneutini and the 
Muesebeckiini. Both are represented in Costa Rica. 


ICHNEUTINAE: Ichneutini. Species of this tribe are soli- 
tary koinobiont endoparasitoids, mainly of endo- 
phytic or exposed-feeding tenthredinoid sawfly 
larvae. Many are egg-larval parasitoids (Nageli, 
1936), but some that attack exposed hosts only 
oviposit into early instar host larvae. The host is 
finally killed after it has constructed a cocoon 
(Zinnert, 1969). Ichneutines are most diversified in 
cool temperate areas of the Holarctic region, but are 
comparatively rare in the tropics. In Costa Rica 
there are two species of Ichneutidea: one collected in 


Pacific dry forest, on Cerro el Hacha in Guanacaste 
National Park, and the other collected in humid 
lowland Atlantic forest near Bribri in the southeast. 


ICHNEUTINAE: Muesebeckiini. Species of this tribe are 
endoparasitoids of leaf-mining lepidopteran larvae, 
and are moderately diversified in the Neotropics 
(Mason, 1969). Some Muesebeckiini are moderately 
common in Santa Rosa National Park (Whitfield, 

. pers. comm.) and at least four species of Oligoneurus 
have been collected in a variety of sites from 
400 metres up to 3000 metres on the Cerro de la 
Muerte. Species of Muesebeckia and Lispixys occur in 
Mexico, Ecuador and Peru so may eventually be 
found in Costa Rica. 


MACROCENTRINAE 


A cosmopolitan subfamily, with seven genera world- 
wide, and represented in Costa Rica by several species 
of the genus Macrocentrus. Adult macrocentrines are 
pale yellowish brown and are nocturnally active, as 
in ophionine ichneumonids (Huddleston & Gauld, 
1988). Macrocentrines are solitary or gregarious 
koinobiont endoparasitoids mostly of endophytic lepi- 
dopteran larvae, especially Tortricidae and Noctuidae 
(Shenefelt, 1969). The macrocentrine larva completes 
its growth by feeding externally on the host (Daniel, 
1932; Dittrick & Chiang, 1982). The parasitoid larva 
spins its cocoon in the host's pupation site. Some gre- 
garious species are known to be polyembryonic 
(Parker, 1931a; Daniel, 1932), with eight to ten indi- 
viduals developing from a single egg. Since the indi- 
viduals emerging from a parasitized host are often of 
the same sex, polyembryonic development presumably 
occurs in most of the gregarious species (Muesebeck, 
1932a). The North American species of Macrocentrus 
were revised by Muesebeck (19324). 


MENDESELLINAE 


This is the most recently discovered braconid subfamily 
(Whitfield & Mason, 1994) and it comprises two rarely 
collected genera, Mendesella, which is exclusively South 
American, and Epsilogaster, which occurs from the 
southern United States south to Brazil and Ecuador. The 
latter genus is represented in Costa Rica by two species 
which resemble miracines, except that the spiracle of 
the first metasomal tergite is located on the margin of 
the tergite, and not in the lateral membrane, and the 
fore wing has a large and distinctive, apically ovoid 
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Fig. 12.153. Epsilogaster sp. (Mendesellinae). 


areolet (second submarginal cell). One of the Costa 
Rican species, E. bicolor, occurs in the Pacific lowlands, 
whilst the other, E. tico, occurs at higher elevations 
(700-1300 m) on the wetter Atlantic watershed. Details 
of the biology of mendesellines is not known, but E. 
bicolor has been reared from a mpmphid (Lepidoptera) 
stem-miner in Cephalanthus (Rubiacgae). 


METEORINAE 


The Meteorinae (sensu S.R. Shaw, 1985) is a subfamily 
that comprises the cosmopolitan genus Meteorus with 


about 174 species worldwide (S.R. Shaw, 1988a). 
Meteorines are solitary or gregarious koinobiont 
endoparasitoids of larval Lepidoptera or Coleoptera, and 
many species are polyphagous (West & Miller, 1989; 
Maetó, 1990). The vast majority of Meteorus species are 
solitary parasitoids attacking exophytic lepidopteran 
larvae, and many of these are nocturnally active. 
Others utilize hosts that are only weakly concealed (e.g. 
in leaf-rolls or under webbing). The most frequently uti- 
lized hosts are Noctuidae, Geometridae and Tortricidae, 
but many other lepidopterans including Hepialidae, 
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Fig. 12.154. Cotesia sp. (Microgastrinae). 


Zygaenidae, Tineidae, Gelechiidae, Pyralidae, Lycaen- 
idae, Nymphalidae, Lasiocampidae, Notodontidae and 
Arctiidae are also parasitized (Muesebeck, 1923; 
Huddleston, 1980). Many of these hosts are considered 
pest insects, consequently several Meteorus species have 
been studied for purposes of biological control 
(Huddleston, 1980, 1983; Fernández & Terán, 1990a 
€ b). The hosts of those Meteorus species that attack 
beetles are primarily species living in wood, tree bark 
and bracket fungi, especially Cerambycidae, Tenebrion- 
idae, Scolytidae, Cryptophagidae, Melandryidae and 
Ciidae (Huddleston, 1983), although one is known to 
attack a leaf-mining chrysomelid (M.R. Shaw & 
Huddleston, 1991). 

The solitary parasitoids of arboreal lepidopterous 
larvae are unusual in that typically they emerge from 


the host larva while it is still feeding, and the host 
larva sometimes continues feeding after parasitization 
though death ensues. The Meteorus larva drops from 
the vegetation by a thread, from which it hangs and 
spins an ovoid cocoon in which it pupates (Madel, 
1963). The gregarious Meteorus species usually form 
their cocoons together in a loose, irregular heap 
(Huddleston, 1983), although the terminal threads 
may still be present, but intertwined (S.R. Shaw, 
1985). A few highly specialized gregarious species in 
the Old World form a very organized spherical cocoon 
mass, with all the exit holes facing outwards 
(Huddleston, 1983). Those species attacking coleopter- 
ous larvae form stalkless cocoons within the beetle 
gallery (DeLeon, 1933; Mason, 1973). As far as is 
known there are three larval instars. The first is typi- 


cally caudate and of long duration, especially in 
species that spin a pendant cocoon. An ectophagous 
final feeding stage is unknown, and those species that 
emerge from a feeding host larva may have a non- 
feeding final instar (M.R. Shaw & Huddleston, 1991). 


MICROGASTRINAE 


This extremely large, cosmopolitan subfamily is the 
largest group in the Braconidae and comprises over 
2500 described species worldwide (Shenefelt, 1972, 
1973a). Mason (1981b) estimated that the actual 
world total is between 5000 and 10,000 species. The 
majority of species were placed in Apanteles (sensu 
Muesebeck, 1920; Shenefelt, 1972), but Mason 
(1981b) reclassified many species in a large number of 
separate genera. A recent re-analysis of Mason’s data 
by Walker et al. (1990b) suggests that the limits of 
some groups need critical reassessment, but Mason’s 
generic concepts have been widely adopted. 
Microgastrines are common solitary or gregarious 
koinobiont endoparasitoids of lepidopteran larvae. In 
Britain, where the fauna is comparatively well known, 
almost every exophytic lepidopteran species is 
attacked by one or more microgastrines and many 
hosts in weak concealment are also parasitized (M.R. 
Shaw & Huddleston, 1991). Many microgastrines are 
fairly host specific, but some Pholetesor species attack 
several different families of leaf-mining microlepi- 
dopterans on a range of plant species (Whitfield & 
Wagner, 1988). As many microgastrines are very 
common parasitoids of lepidopterous larvae, including 
pest species (e.g. Nixon, 1965, 1968, 1970; Mason, 
1981b; Austin & Dangerfield, 1989). They are among 
the most successfully used parasitoid species in biolog- 
ical control programmes. Oviposition is usually into 
an early instar host larva although a few species are 
known to oviposit into the host egg (Zorin, 1930; 
Wilbert, 1960). In the gregarious species (e.g. 
Apanteles, Cotesia, Glyptapanteles), all of the eggs (up to 
several hundred) are injected during a single quick 
insertion of the ovipositor. In a few genera a final 
ectoparasitic feeding period is known (Vance, 19325). 
Microgastrine larvae emerge from the host larva and 
pupate on, or very near the host remains, and in gre- 
garious species the form and placement of the cocoon 
mass is often diagnostic at the species level (Mason, 
1981b). For example, Cotesia americana, a common 
Central American parasitoid of sphingid larvae, forms 
a large cottony mass, up to three inches in length, 


whilst others pupate in neatly arranged rows resem- 
bling a honey-comb. Although most microgastrines 
emerge and pupate before the host has formed its 
cocoon, the larva of Deuterixys pupates inside the 
cocoon of its lyonetiid host (Mason, 1981b; Whitfield, 
1985). 

The microgastrine genera occurring in Costa Rica 
can be identified by using Mason’s (1981b) keys. 
Species identifications are extremely difficult since 
most of the genera have not been revised recently, 
although a few widespread species can be identified by 
using Muesebeck’s (1920, 1922) keys to North 
American species. In Costa Rica, as in most areas, 
microgastrine species normally comprise the most 
conspicuous element of the braconid fauna. About 
200 species belonging to 29 described genera occur in 
the country and specimens potentially representing 
three undescribed genera have been seen (Whitfield, 
pers. comm.). Five additional genera are expected to 
occur here (Table 12.10). 


MIRACINAE 

A small subfamily comprising solitary koinobiont 
endoparasitoids of leaf-mining lepidopteran larvae, 
especially Nepticulidae (Papp, 1989) and Lyonetiidae 
(Achterberg, 1976). Pupation occurs within the host 
cocoon (Gauld & Bolton, 1988). Only three neotropi- 
cal species have been described (Marsh, 1979), two of 
which are of some economic importance. Mirax mal- 
colmi from Colombia parasitizes Scrobipalpa on Solanum 
saponaceum and M. insularis is a common parasitoid of 
Leucoptera  coffeella, the coffee  leaf-miner, in 
Guadeloupe and the Dominican Republic (Muesebeck, 
1937). An unidentified species of Mirax has been 
reared in northwestern Costa Rica from a 
Phyllonorycter sp. (Gracillariidae) mining the leaves of 
Lonchocarpus rugosus (Leguminosae) (Memmott et al., 
1994). At least 30 other undescribed Mirax species 
occur in Costa Rica in a wide variety of low to mid 
altitude sites, sea-level to 1600 metres, though one 
specimen is known from 2600 metres on the Cerro de 
la Muerte (G. Wright, pers. comm.). 


OPIINAE 

A very large, cosmopolitan subfamily comprising more 
than 1300 described species (Wharton, 1988a), the 
vast majority of which are placed in the genus Opius. 
The subfamilies Opiinae and Alysiinae presumably 
comprise a monophyletic group within the 


Genus Species in 


Costa Rica 


Alphomelon 
Apanteles 
Choeras 
Clarkinella 
Cotesia 
Dasylagon™* 
Deuterixys 
Diolcogaster 
Distatrix 
Dolichogenidea 
Exix 
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Fornicia 
Glyptapanteles 
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Hypomicrogaster 
Illidops 
LarissimusE* 
Lathrapanteles™* 
Microplitis 
Papanteles 
Parapanteles 
Pholetesor 
Prasmodon 
Promicrogaster 
Protapanteles 
Protomicroplitis 
Pseudapanteles 
Rasivalva** 
Rhygoplitis 
Sathon™ 
Sendaphne 
Snellenius 
Venanides 
Veranus 
Xanthomicrogaster 
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Host relationships 


Hesperiidae 
Microlepidoptera —S, g 
Microlepidoptera, esp Pyraloidea —S 
unknown 
Macrolepidoptera —s, G 
Sesiidae, Thyrididae —S? 
Lyonetiidae —S 
Noctuidae, Geometridae —s, g 
Macrolepidoptera —s, G 

. various Lepidoptera —S, g 
Noctuidae -S 
Limacodidae 
Macrolepidoptera —s, G 
Microlepidoptera esp miners -S 
Psychidae, Scythrididae —S 
unknown 
(see Williams, 1985), 
usually Noctuidae-s, g 
unknown 
Noctuidae, Notodontidae —G 
leafmining microlepidoptera —S 
unknown 
mycetophagous Lepidoptera 
usually Geometridae -S, g 
Noctuidae 
unknown 
Macrolepidoptera —S 
esp. Pyraloidea -S 
Noctuidae —G 
unknown 
Sphingidae —G? 
esp Pyraloidea, Tortricoidea —G, s 
leafmining microlepidoptera —S 
unknown 


Table 12.10. Genera of Microgastrinae known or expected to occur in Costa Rica, 
together with their recorded hosts, and host relationships (S = solitary; G = gregarious; 
lower case letter indicates relatively minor frequency of the habit in a genus). The 
numbers of species known from Costa Rica were determined by J. Whitfield after 


examination of over 2500 specimens. 


Braconidae, based on the apomorphic feature of 
endoparasitism of cyclorrhaphous Diptera (Wharton, 
1988a). However, the monophyly of the Opiinae has 
not yet been firmly established (Quicke & Achterberg, 
1990), and it seems likely that the Opiinae, as 
presently defined, may be a paraphyletic group. 
Opiines are solitary koinobiont endoparasitoids of the 
larvae of cyclorrhaphous Diptera. (especially 
Agromyzidae), particularly those that mine in fruit 
and leaves (Cameron, 1941); many are economically 


important as parasitoids of fruit flies (Wharton & 
Marsh, 1978). A few opiines are known to oviposit 
into the host egg (Prokopy & Webster, 1978) but in 
general oviposition is into the host larva, sometimes 
while it is young, but frequently often only late in its 
development. Some species lay female eggs preferen- 
tially in larger hosts encountered (Avilla & Albajes, 
1984), a habit commonly seen in idiobionts but much 
less frequently observed in koinobionts. This, together 
with the obligatory pre-ovipositional period manifested 


by at least some species (Willard, 1920) and the tem- 
porary paralysis induced in the host at the time of 
oviposition (Glas & Vet, 1983), suggest that opiines 
may be quite closely related to idiobiont groups (M.R. 
Shaw & Huddleston, 1991). The egg is deposited just 
below the host’s cuticle, sometimes attached to it by 
one end (Willard, 1920). The mandibulate first instar 
larva persists until about the time the host pupates, 
when the accompanying hormonal changes trigger 
the parasitoid’s moult (Lawrence, 1986a & b). Two 
further instars feed on fluids within the host, while the 
fourth and final instar consumes the entire contents of 
the host puparium. Pupation is internal, within the 
cleaned-out host puparium. 

The New World opiine species have been exten- 
sively studied by Fischer (1964, 1965, 1967a & b, 
1973, 1977). However, the tribes, subtribes and 
several genera were recently redefined and reclassified 
by Wharton (1987, 1988a). Genera present in Costa 
Rica include: Biosteres, Diachasmimorpha, Doryctobracon, 
Fopius, Opius and Utetes (Bracanastrepha is provision- 
ally treated as a subgenus of this genus). 


ORGILINAE 


The Orgilinae is a small subfamily with about 200 
described species, most of which are slender and 
medium-sized (4.0 to 5.0 mm long). The subfamily is 
difficult to define, but all known species have a 
synapomorphic subapical dorsal notch on the oviposi- 
tor (Sharkey, 1986a). It is divided into two tribes: 
Microtypini and Orgilini. Species of Microtypini (e.g. 
Stantonia) are sometimes classified as a separate sub- 
family (Quicke & Achterberg, 1990). Since these 
authors were unable to establish the phylogenetic 
position of the Microtypini, and they did not establish 
the monophyly of the Orgilinae in the absence of the 
microtypine lineage, a more conservative and tradi- 
tional classification is followed here (e.g. Muesebeck, 
1970; Marsh in Krombein et al., 1979). 

Orgilinae are koinobiont endoparasitoids of cater- 
pillars feeding in concealed sites, especially Pyralidae, 
Tortricidae, Coleophoridae, Gelechiidae, Oecophoridae 
and Gracillariidae (Muesebeck, 1938, 1970; 
Achterberg, 1987b). The presence of frass may be an 
important cue for the parasitoid as individuals have 
been observed probing frass-laden tunnels with their 
ovipositors (M.R. Shaw & Huddleston, 1991). 
Oviposition is into the larval host’s haemocoel and the 
caudate first instar larva gradually develops an anal 


vesicle. There are apparently three larval instars and 
the final instar larva emerges from the host to con- 
clude feeding. The host is killed as a prepupa and the 
orgiline cocoon is spun within the host’s cocoon 
(Broodryk, 1969b; Oatman et al., 1969). 

In Costa Rica most of the commonly collected 
species belong to the widespread genus Orgilus 
(Muesebeck, 1970), but a species of Stantonia 
(Muesebeck, 1938) has been collected on the Atlantic 
lowands and the Osa Peninsula. A species of Orgilus 
has been reared in Santa Rosa National Park from the 
larvae of leaf-mining lepidopterans of the families 
Gracillariidae and Scythrididae in Acanthaceae and 
Malvaceae (Memmott et al., 1994). 


PAMBOLINAE 


A small subfamily that has most often been included 
(often as a tribe) within the Hormiinae (Hedqvist, 
1963) or Rogadinae (Marsh, 1979; M.R. Shaw & 
Huddleston, 1991). Recent studies justify classifying 
pambolines as a separate subfamily (Quicke, Ficken & 
Fitton, 1992; Quicke, Fitton & Ingram, 1992; Quicke 
et al., 1992). Pambolines are thought to be facultative 
gregarious idiobiont ectoparasitoids of Lepidoptera or 
Coleoptera larvae in seeds, wood or stored products 
(Whitfield, 1989; M.R. Shaw & Huddleston, 1991). 
Although relatively rare in temperate braconid faunas 
(Marsh, 1979; M.R. Shaw & Huddleston, 1991), pam- 
bolines are moderately well represented in Costa Rica 
where there are at least ten species of Pambolus occur- 
ring throughout the country at elevations ranging 
from sea-level to 2600 metres. Most Pambolus species 
have very distinctive spines at the lateral corners of 
the propodeum, although these are reduced to small 
tubercles in some minute species. Recently a single 
species of Acrisis was collected in Costa Rica at Las 
Alturas Biological Station (1500 m), close to the 
Panamanian border. This is the most southern record 
for the genus (see Muesebeck, 19355). 


ROGADINAE 

A very large, cosmopolitan subfamily, represented in 
Costa Rica by two tribes, the Rhysipolini and Rogadini, 
of which the latter is vastly more species-rich. 

The Rhysipolini (sensu Whitfield, 1989, 1992) is 
rather poorly represented in Costa Rica, but Rhysipolis 
is known to occur in Santa Rosa National Park (300 
m) (Whitfield, pers. comm.) and Cantharoctonus has 
been collected above San Antonio de Escazú (1300 


m). Rhysipolines are solitary ectoparasitoids of con- 
cealed microlepidoptera and Rhysipolis species usually 
parasitize gracillariid leaf-miners (Whitfield €: 
Achterberg, 1987). 

The Rogadini are koinobiont endoparasitoids, 
mostly of exposed-feeding macrolepidopteran larvae 
(M.R. Shaw, 1983). However, species of the Stiropius 
group (Stiropius, Choreborogas, Polystenidea and 
Viridipyge) parasitize leaf-mining lyonetiid and gracil- 
lariid larvae (Whitfield, 1988a). For example, a species 
of Stiropius has been reared from the coffee leaf-miner 
(Leucoptera coffeella, Lyonetiidae) in Nicaragua (P. 
Hanson, pers. comm.). Most rogadines are solitary 
parasitoids, although a few gregarious species are 
known. Pupation is internal, within the shrunken and 
mummified remains of the host caterpillar. Species of 
Stiropius, Choreborogas and Viridipyge are numerous in 
Costa Rica, but may be easily overlooked because of 
their minute size and nocturnal activity (Whitfield, 
1988a, 19904). 

Adults of Aleiodes, Cystomastax and Rogas are noc- 
turnally active and may be commonly collected at 
lights. Species of Aleiodes are common in Costa Rica 
but they are relatively less diverse than in the 
Holarctic region. Species of this genus parasitize a 
wide array of macrolepidopteran hosts with the 
Noctuoidea, Geometroidea and Sphingoidea being 
most commonly utilized (Muesebeck, 1960; M.R. 
Shaw, 1983). The host mummy is commonly glued 
down by the parasitoid larva through a hole chewed 
in the bottom of the host's prothorax. Consequently 
the host mummies are commonly found stuck to a leaf 
or twig. Emerging Aleiodes adults normally cut a neat, 
circular emergence hole at the posterior end of the 
mummified caterpillar. The larger species of 
Cystomastax and Rogas are particularly diverse in trop- 
ical America, and form a very conspicuous element of 
the Costa Rican braconid fauna. As far as is known, 
most Rogas species parasitize Limacodidae, Zygaenidae, 
Lycaenidae and Riodinidae. The host mummy is nor- 
mally not glued down by the parasitoid larva, and the 
emergence hole is ragged and irregular (O.J. Smith et 
al., 1955—as Pelecystoma). Other genera of Rogadinae 
present in Costa Rica include: Clinocentrus, Polystenidea 
and Yelicones. 


RHYSSALINAE 


A very small subfamily comprising two tribes, the 
Rhyssalini (sensu Whitfield, 1988b) and Hydran- 


geocolini (sensu Whitfield, 1989). The Rhyssalinae 
have traditionally been included in the Rogadinae, but 
recent phylogenetic studies (Whitfield, 1989, 1992; 
Quicke & Achterberg, 1990; Quicke, Ficken & Fitton, 
1992; Quicke et al., 1992; Wharton et al., 1992; 
Wharton, 1993a) demonstrate that the rhyssalines 
should be regarded as a separate, relatively archaic 
subfamily. The placement of the Hydrangeocolini is a 
more difficult problem. Although the Hydrangeocolini 
have traditionally been included in the Opiinae, 
Hormiinae or Rogadinae, recent phylogenetic studies 
demonstrate that they should not be included in any 
of these groups (Wharton, 1988a, 1993a; Whitfield, 
1989, 1992). The position of the spiracles of metaso- 
mal tergites II+III laterally on the laterotergites may 
be a synapomorphy for Rhyssalini + Hydrangeocolini, 
but there are two interpretations of the phylogenetic 
significance of this character (Quicke & Achterberg, 
1990; Whitfield, 1992). Since this character is equivo- 
cal a conservative approach is followed here and the 
Hydrangeocolini are provisionally assigned to the 
Rhyssalinae. 


RHYSSALINAE: Hydrangeocolini. This tribe is repre- 
sented in Costa Rica by at least three species of 
Hydrangeocola occurring at elevations from 400 
metres on the Atlantic slopes, to 3000 metres on 
the Cerro de la Muerte. Although they are rare, the 
elongate pterostigma and greatly enlarged second 
submarginal cell make them quite easy to recognize. 
The biology of the Hydrangeocolini is not known in 
detail, but they are thought to be ectoparasitoids of 
gall-forming Lepidoptera (Whitfield, 1989). 


RHYSSALINAE: Rhyssalini. Facultatively gregarious 
ectoparasitoids, usually of concealed microlepi- 
doptera or Coleoptera larvae (Muesebeck, 1935a; 
Whitfield, 1989). One undescribed genus is known 
from Santa Rosa National Park (Whitfield, pers. 
comm.). 


SIGALPHINAE 


A small cosmopolitan subfamily comprising about ten 
described species. Some species are known to be soli- 
tary or gregarious koinobiont endoparasitoids of the 
larvae of Noctuidae (Shaw & Huddleston, 1991), An 
undescribed species of Sigalphus has been reared by 
D.H. Janzen and W. Hallwachs in Santa Rosa National 
Park, in northwestern Costa Rica (M. Sharkey, pers. 


comm.). It develops as a solitary endoparasitoid of two 
species of agaristine noctuids, destroying the final 
instar host larva after that larva has constructed a 
pupal chamber within rotten wood (D.H. Janzen, pers. 
comm.). 


YPSISTOCERINAE=* 


A very small and rarely encountered neotropical sub- 
family that have only been collected in termite nests 
(Brues, 1923; Cushman, 1923). Quicke, Ficken & 
Fitton, (1992); Quicke et al. 1992) show that ypsisto- 
cerines share two synapomorphies with the 
Doryctinae and treat them as a tribe in that subfamily. 

Comprising two genera, Termitobracon and 
Ypsistocerus, the Ypsistocerinae is morphologically 
very distinctive, having the antennae inserted high on 


the head, unidentate mandibles, reduced palpi, small 
to rudimentary compound eyes, and densely setose 
body and wings. In Termitobracon, males are always 
brachypterous, whilst females occur as fully winged 
and brachypterous morphs (Brues, 1923). Reduction 
of the eyes and brachyptery are presumably adapta- 
tions to subterranean existence. Behavioural observa- 
tions suggest that ypsistocerines are true termitophiles 
since the host termites display no hostility towards 
them (Brues, 1923). The immature stages are 
unknown. 

Termitobracon has been collected from Panama, and 
since the presumed host termites, Nasutitermes, occur 
as far north as Mexico (Emerson, 1955) it is possible 
that ypsistocerines will eventually be discovered in 
Costa Rica. 


IN 


Ian D. Gauld and Paul E. Hanson 


The superfamily Chrysidoidea is a monophyletic clade 
that is the sister-group to the other two aculeate super- 
families (Brothers, 1975). It comprises seven extant 
monophyletic families, the Bethylidae, Chrysididae, 
Dryinidae, Embolemidae, Plumariidae, Sclerogibbidae 
and Scolebythidae. The most recent and comprehensive 
investigation of the phylogeny of the group is the work 
of Carpenter (1986a) who postulated the phylogenetic 
relationships shown in Fig. 13.01. 

All chrysidoids develop either as parasitoids of 
other insects, or as cleptoparasites in the nests of 
aculeate Hymenoptera. Rasnitsyn (1980) suggested 
that host-searching within a friable substrate is the 
primitive condition of the aculeate lineage, and indeed 
it is widespread in diverse groups (Carpenter, 1986a) 
including the Chrysidoidea, where the ancestral condi- 
tion could have been searching for beetle larvae in soil 
or rotten wood. Little is known about the biology of 
most primitive chrysidoids. Plumariid females have 
been found in the soil (Evans, 1966f) and scolebythids 
have been found in association with wood boring 
beetles (Brothers, 1981), though the exact nature of 
this association is not known. More is known of the 
biology of the more derived groups. Bethylids are 


) The chrysidoid families 


ectoparasitic idiobionts, and develop by feeding 
through an integumentary lesion of their concealed 
host. Presumably this is a plesiomorphic feature of the 
superfamily (Fig. 13.02). The Bethylidae are primarily 
parasitoids of cryptic coleopterous larvae, although 
one lineage exploits microlepidopterous larvae, espe- 
cially those found in similar cryptic situations to 
beetles. One species also attacks hymenopterans 
nesting in wood. Like some bethylids, the most primi- 
tive chrysidids, the Cleptinae, search for hosts in soil 
or leaf litter, but unlike other members of the super- 
family, they do not subdue active hosts; instead they 
attack relatively immobile prepupal sawflies enclosed 
in cocoons. The higher chrysidids continue to exploit 
such “packaged” hosts but have radiated in two ways; 
amesigines and loboscelidiines attack large insect eggs, 
while most chrysidines attack prepupae of solitary 
nest-building hymenopterans, such as eumenine 
vespids, sphecids and bees (Kimsey & Bohart, 1990). 
Some members of the most plesiomorphic tribe in the 
Chrysidinae, the Elampini, attack hymenopterous nests 
in the ground, but other chrysidines attack aculeates 
nesting in stems and cavities. Several members of the 
most derived lineage, the Chrysidini, are cleptopara- 
sites of aculeates that construct mud nests. 

Koinobiosis seems to be a feature of the sclerogibbid 
+ embolemid + dryinid lineage (Fig. 13.02). Sclero- 
gibbids utilize embiid hosts and develop, at least ini- 
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Fig. 13.01. Postulated phylogenetic relationships of the Chrysidoidea. For details of characters supporting this cladogram see 


Carpenter (1986). 


primarily idiobiont ectophage 
#2 koinobiont ectoparasitoid 


E koinobiont "endoparasitoid" (in sac) 
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Fig. 13.02. Suggested biological evolution within the Chrysidoidea. 1: exploiting beetle hosts in soil, leaf litter and rotten wood; 
2: primarily exploiting beetles in the ancestral habitat, but with some groups attacking lepidopterous larvae in similar 
situations; 3: primitively attacking ‘encased’ hosts in ancestral situation; 4: attacking embiids in ancestral situation; 
5: attacking Auchenorrhyncha in ancestral situation; 6: attacking Auchenorrhyncha in exposed situation. As with many other 
groups of parasitoids the evolution of koinobiosis has apparently facilitated the exploitation of free-living hosts. 


tially, as ectoparasitic koinobionts. Embolemids and 
dryinids attack Auchenorrhyncha (Homoptera), but 
develop in an essentially similar manner as koinobionts 
within protruding sacs on their hosts. While embole- 
mids retain the plesiomorphic habit of attacking con- 
cealed hosts associated with rotten wood (Bridwell, 
1958), dryinids have radiated to exploit primarily free- 
living fulgoroids and cicadellids (Olmi, 1984). 

Six of the seven chrysidoid families are present in 
Central America. Only the Plumariidae, a small 
group confined to the southern part of the southern 
hemisphere, is absent from Costa Rica. The six 
Central American families can be separated by the 
following key. 


Key to families of Chrysidoidea occurring 
in Central America 


1 Antenna with 20 to 24 segments; coxae with a 
dorsal furrow bounded on both sides by raised 

keels (Fig. 13.15). 
[Head in profile oval, with antenna inserted 
under an overhang (Fig. 13.14); fore femur 
strongly swollen.] ... Sclerogibbidae (p. 488) 


Antenna with 13 or fewer segments; coxae 


without a furrow bounded by keels. ............. 2 
Antenna with 12 or 13 segments. ................... 3 
Antenna with TO segments. ................... 5 


Propleuron extended into a neck-like prolonga- 
tion, exposed dorsally (Fig. 13.16); fore wing 
with six enclosed cells, including the marginal 
and 1st submarginal (Fig. 13.03); fore coxa 
with point of insertion of trochanter close to 
articulation, the coxa extended posteriorly 
(atte, USD)  saeeooaooococ Scolebythidae (p. 468) 

Propleuron not extended into a neck, dorsally 
concealed by pronotum; fore wing with five or 
fewer enclosed cells (Figs 13.04—13.05), never 
with marginal and Ist submarginal cells 
A o oe 4 


Metasoma with five or fewer visible tergites; head 
more or less hypognathous, almost oval in 
profile (Fig. 13.06), or flattened dorsally, if 
slightly elongate then never extended far 
above and behind eyes, the eyes always quite 
large (Fig. 13.08); fully-winged species, with 


MARGINAL 
CELL 


ist SUBMARGINAL 
CELL 


TROCHANTER 


PROSTERNUM 


Figs 13.03-13.11. Chrysidoidea. Figs 13.03-13.04. Fore and hind wings; 13.03, Clystopsenella sp. (Scolebythidae); 13.04, 
Chrysis sp. (Chrysididae). Fig. 13.05. Fore wing, Thaumatodryinus sp. (Dryinidae). Figs 13.06-13.10. Heads, lateral; 13.06, 
Chrysis sp. (Chrysididae); 13.07, Pristocera sp. (Bethylidae); 13.08, Amisega sp. (Chrysididae); 13.09, Aphelopus sp. (Dryinidae); 
13.10, Embolemus sp. (Embolemidae). Fig. 13.11. Prothorax, ventral, Clystopsenella sp. (Scolebythidae). 
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Figs 13.12-13.15. Chrysidoidea; scanning electron photomicrographs. Figs 13.12-13.13. Clystopsenella sp. (Scolebythidae); 
13.12, apex of female antenna; 13.13, head. Figs 13.14-13.15. Probethylus sp. (Sclerogibbidae); 13.14, head, female; 13.15, 
hind coxa, male. 


hind corner of pronotum generally not more 5 Head with antennal insertion close to clypeus, 
or lessitouching the tegula scene below the imaginary centre line of the head, 
oO Chrysididae (p. 479) not arising from an anteriorly directed promi- 
—  Metasoma with six or seven visible tergites; head nence (Fig. 13.09); fore leg often with tarsus 
large and in profile somewhat elongated, often modified into a grasping chela. ........................ 
somewhat egesshapeds, extendedwabovesand .isescsdavsessbdesssesecceseccsesccesecce Dryinidae (p. 493) 
behind the rather small eyes, and sometimes 
prognathous (Fig. 13.07); apterous, micropter- — Head with antennal insertion far from clypeus, 


ous or macropterous species, if fully-winged 
then with hind corner of pronotum more or 
less contiguous with tegula. ............................. 
BE cc Il ctc Bethylidae (p. 470) 


above imaginary centre line of the head, 
arising from an anteriorly directed prominence 
(Fig. 13.10); fore leg never with tarsus 
We late oi Embolemidae (p. 490) 


Ian D. Gauld 


Diagnosis. Body length 6.0 to 10.0 mm; predomi- 
nantly shiny black; males and females fully winged 
(fore wing length 3.0 to 5.0 mm). Antenna short, 13- 
segmented in both sexes, inserted very low down on head, 
just above mouth, thus obscuring clypeus and lower 
face; apex of antenna of female slightly flattened with 
large subcircular sensilla (Fig. 13.12). Head quite 
large, hemispherical in shape (Fig. 13.13), with 
mouth usually directed downwards, occasionally with 
head tilted slightly forwards; eyes moderately large, 
oval; mouth very wide; mandibles with four teeth, the 
ventral one the largest and the remainder becoming 
progressively smaller dorsally, the dorsal one very 
small; maxillary palp 6-segmented, labial palp 4- 
segmented. Propleuron very long, projecting far in front 


of pronotum; prosternum large and rhombic, slightly 
rounded behind (Fig. 13.11); pronotum reaching back 
to tegula, its hind margin transverse; mesoscutum 
with parapsidal furrows discernible; mesopleuron 
without a transverse sulcus; mesosternal region not 
projecting backwards over bases of hind coxae. Fore 
wing with six enclosed cells—the costal, basal, subbasal, 
discal, submarginal and marginal cells; the wing distad of 
these cells without venation (Fig. 13.03); pterostigma 
distinct; hind wing without enclosed cells, with a 
sharply differentiated claval lobe. Fore leg with coxa 
flattened, extended posteriorly, with insertion of trochanter 
close to articulation; fore femur swollen; tibial spur 
formula 1: 2: 2, mid and hind legs with outer tibial 
spur short, slender and bristle-like; tarsal claws simple. 
Metasoma somewhat spindle-shaped, tapered to a 
point posteriorly; without a constriction between first 
and second segments; metasomal segments II-VI 
bearing fields of long conspicuous setae. 


Fig. 13.16. Clystopsenella sp. (Scolebythidae). 
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Fig. 13.17. Monthly abundance of Clystopsenella in Malaise traps in forest in Santa Rosa National Park, averaged from data for 


1985-7. 


Classification and distribution. The Scoleby- 
thidae is a small family comprising less than ten 
species, in three genera. Clystopsenella occurs in the 
Neotropics and Australia, Scolebythus is restricted to 
Madagascar, and Ycaploca occurs in South Africa and 
Australia (Naumann, 1991). Only a single species 
has been described in each genus, but a few unde- 
scribed species of Clystopsenella are present in museum 
collections. 


Biology. Although published information suggests 
that scolebythids possibly develop as gregarious 
ectoparasitoids of the larvae of wood-boring beetles 
(Evans, 1963b; Nagy, 1975; Day, 1977; Evans et al., 
1979), all evidence is circumstantial. Nagy’s (1975) 
record of the African scolebythid, Ycaploca evansi, 
attacking the larvae of Hylotrupes bajulus (Ceram- 
bycidae) is questionable since no detailed biological 
information is preserved with the specimens (see 
Day, 1977; Brothers, 1981). Another series of Y. 
evansi was collected from a burrow in wood along 
with the remains of a large cerambycid larva, and in 
this instance the beetle larva would have been 
sufficiently large to permit the development of 
several scolebythids (Brothers, 1981). However, no 


cocoons were found. Specimens of the Madagascan 
species, Scolebythus madecassus, were collected as a 
group (five females, one male) within a hollow stick 
(Evans et al., 1979), but again, there is no definitive 
host association. Nonetheless, all these pieces of cir- 
cumstantial evidence, coupled with the fact that 
scolebythids are morphologically modified apparently 
for life in tunnels, strongly suggest a wood-boring 
host. 

Although most species of Scolebythidae are known 
from both sexes, in six years of Malaise trapping in 
Costa Rica all specimens collected (more than 100) 
were female. This is unusual because males of small 
aculeates are generally more likely to be taken in 
traps than females. Perhaps this species is thelytokous, 
or alternatively, perhaps males do not leave the 
tunnels in which they presumably develop. 


Synopsis of the Costa Rican fauna 


Scolebythidae is represented in Costa Rica by one, or 
possibly two species of Clystopsenella. The uncertainty 
about the number of species present stems from the 
fact that one individual (collected in Santa Rosa 
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National Park) has a rather different pattern of setae 
on the metasoma from all the other specimens, and 
may be either a second species or a deformed speci- 
men of the first. The commoner Costa Rican species is 
undescribed and differs in several features from the 
only described member of the genus, the Brazilian 
species, C. longiventris. 

All specimens found in Costa Rica were collected 
in Malaise traps operated at low altitudes, many from 
rather disturbed habitats or seasonally dry forests, but 
a few from undisturbed wet forests (La Selva 
Biological Station). In Santa Rosa National Park indi- 
viduals of Clystopsenella have been taken in all 
months of the year, and almost equal numbers have 
been collected in three forests of different ages. 
However, data from continuous comparable sampling 
showed a clear seasonal peak in abundance in the 
early to mid dry season, between January and March 
(Eig 13.17). 


13.27 BA 
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Diagnosis. Body length 1.0 to 15.0 mm; usually 
dark brown to black, sometimes faintly metallic, apter- 
ous females yellowish; males usually fully winged, 
females fully winged to apterous. Antenna inserted close 
to clypeus, 12- or 13-segmented, with same number of 


segments in both sexes. Head usually elongate and 


depressed, prognathous in females. Pronotum, in 
macropterous species, with upper hind corner more or 
less reaching tegula, always with anterior flange well 
developed, concealing propleura in dorsal view; 
prosternum usually small, more or less transverse, 
often concealed in ventral view. Fore wing with reduced 
venation, with four or fewer enclosed cells discernible (up 
to six in some extralimital taxa); marginal cell, if dis- 
cernible, not closed distally; one or no discal cells 


Fig. 13.18. Pristocera sp. male (Bethylidae). 


present; hind wing without enclosed cells; claval lobe 
present, jugal lobe absent. Metasoma with six or seven 
exposed terga. 


Classification and distribution. The family 
Bethylidae is cosmopolitan in distribution, but the 
greatest species-richness occurs in tropical regions. It 
is probably the largest family in the Chrysidoidea and, 
although there are about 2200 described species 
worldwide, this figure may represent as little as 30 
percent of the true size of the group. The family com- 
prises four subfamilies: Bethylinae, Epyrinae, 
Mesitiinae, and Pristocerinae. The Mesitiinae is 
confined to the Old World whilst the other three are 
cosmopolitan in distribution and are represented in 
Costa Rica. 


Biology. Comparatively little is known about the 
biology and host relationships of the vast majority of 
tropical bethylids, but all species that have been inves- 
tigated have been found to be idiobiont or incipient 
koinobiont ectoparasitoids of the larvae of Coleoptera 
(Pristocerinae and many Epyrinae), microlepidoptera 
(most Bethylinae and some Epyrinae) and Sphecidae 
(one species of Bethylinae). In Costa Rica one bethylid 
is known to attack adult scolytids (Kirkendahl, pers. 
comm.). Bethylids usually attack species living in 
cryptic situations such as in the soil, leaf litter, rotten 
wood, seeds and so forth. Several neotropical species 
(e.g. of Sclerodermus) have been collected in associ- 
ation with ants, and in the laboratory they can 
develop on ant larvae (Evans, 1964a), but whether 
such insects are used as hosts in natural situations 
has yet to be shown. Hawkins and Gordh (1986) 
provide a bibliography of the world literature on 
Bethylidae. 

Little is known about how females locate hosts and 
what determines their host range. A few species are 
capable (at least under laboratory conditions) of devel- 
oping on a range of hosts of different orders (see 
Evans, 1964a). Genera more usually seem to be asso- 
ciated with a few families of one order. The 
Pristocerinae and most Epyrinae attack a range of 
beetle families, including Scolytidae, Cerambycidae, 
Ciidae, Buprestidae, Anobiidae, Dermestidae, 
Tenebrionidae, Elateridae, Bruchidae, Cucujidae, 
Ptinidae, Bostrichidae, Lyctidae, Cleridae and some 
Curculionidae. Species of Bethylinae attack a range of 
microlepidopterous groups, including species of the 


superfamilies Tineoidea, Gelechioidea, Tortricoidea 
and Pyraloidea. 

Many bethylids search for hosts in concealed situ- 
ations: some species of Pristocera search for elaterid 
larvae in the soil, other species in this genus search 
for xylophagous weevils in wood borings, and many 
Bethylinae search for microlepidopteran larvae in seed 
pods or leaf rolls (Baker, 1976; Gordh, 1976a; Gordh 
& Hawkins, 1981). Adult female bethylids display a 
number of adaptations for seeking hosts in cryptic 
habitats. These include one or more of the following: 
small size, flattened body, wedge-shaped prognathous 
head, powerful enlarged fore femora, and aptery. 

Laelius species generally encounter and attack der- 
mestid larvae in concealment, but sometimes they will 
attack and conceal dermestid larvae found in the open 
(Evans, 1964a). In some other genera moving the 
host to a place of concealment seems to be a common 
behaviour. For example, Parascleroderma drags its 
clerid host into a crack after stinging it (Maneval, 
1930) and species of Cephalonomia also conceal their 
parasitized beetle hosts (Powell, 1938; Finlayson, 
1950). In Epyris the female stings a tenebrionid larva 
that is more than twice her size, then drags it over 
her back to a suitable nesting site. The host is tem- 
porarily concealed between lumps of soil whilst the 
wasp excavates a simple burrow; the host is then 
placed in the burrow, and an egg is laid on it 
(Williams, 1919a). 

In some cases the host larva is antennated prior to 
attack and may be rejected as unsuitable at this stage 
(Abraham et al., 1990). A rather typical form of 
attack was described by Gordh (1976a) who observed 
that a Goniozus species embeds her mandibles in the 
host’s cuticle immediately behind the head capsule. 
She then thrusts her metasoma forward, stinging the 
caterpillar in the ventral nerve cord. Gordh noted that 
females failing to attack in this manner and hold the 
host with their mandibles were often decapitated by 
the host. However, in other species the female bethylid 
stings the host without holding it (Baker, 1976). Most 
accounts of attacks note that the bethylid attempts to 
sting the host in the gular region between the head 
capsule and the thorax. 

Many bethylids attack and subdue hosts consider- 
ably larger than themselves and so are equipped with 
a very powerful sting. Their sting is sometimes painful 
to humans, and can cause swelling and dermatologi- 
cal reactions (Dauphin & Castro, 1991; see also 


review by Guiglia, 1958), although these tiny wasps 
are often not noticed as the cause of these symptoms. 
Bethylid venom sometimes paralyses the host almost 
immediately (Peter & David, 1991a), or requires an 
hour or so to take effect (Remadevi et al., 1978), 
during which time the parasitoid host-feeds, grooms 
herself, or even moves away, sometimes for several 
days, and subsequently returns. Generally a single 
female attacks and subdues a host larva, but 
Sclerodermus females sometimes co-operate in subdu- 
ing a large wood-boring beetle larva (Bridwell, 1920; 
Wheeler, 1928). The effect of the venom varies from 
species to species, but may induce permanent or tem- 
porary paralysis. Some envenomated final instar 
larvae pupate or spin a cocoon (Bridwell, 1920; and 
see Gordh, 1976a). 

Oviposition sites vary from group to group. 
Goniozus and Prosierola species generally deposit the 
egg(s) dorsally, whilst species of Cephalonomia deposit 
an egg dorsally or in the intersegmental folds ven- 
trally. Laelius species remove the specialized sticky 
setae from their dermestid hosts, disposing of them by 
grooming, and then bite off the short setae on the 
venter of the host abdomen before laying an egg 
(Yamada, 1955; Mertins, 1980). Many authors have 
observed that eggs are most commonly deposited on 
the central body segments. The number of eggs 
deposited per host varies greatly. Some Pristocera and 
Epyris species only deposit a single egg, whereas 
others in these genera lay several. Most species of 
Goniozus and Prosierola lay several eggs per host, and 
they can estimate the host size and deposit a pre- 
dictable number of eggs on a given host (Kishitani, 
1961; Gordh, 1976a). Gregarious species generally 
produce strongly female biased broods, and Griffiths 
and Godfray (1988) demonstrated a significant nega- 
tive relationship between clutch size and (male: 
female) sex ratio; larger brooded gregarious species 
tend to produce a more female biased brood than 
smaller brooded species. In some bethylid species the 
female remains with the host, guarding her brood 
until they pupate (Baker, 1976; Remadevi et al., 
1981; Hardy & Blackburn, 1991). 

The actual number of larval instars has not been 
determined accurately but most species probably have 
three to five (Gordh, 1976a). The first instar larva is 
sacciform and develops externally on the host, feeding 
via an integumentary lesion. Larval development is 
often quite rapid. In the last instar the anterior third 


of the body is sometimes inserted through a hole in 
the host's body so that the parasitoid's body is perpen- 
dicular to that of the host. The last larval instar is 
somewhat hymenopteriform but has a prognathous 
head, with the labium tending to project well beyond 
the other mouthparts and with strongly tapered den- 
ticulate mandibles (Evans, 1987a). The fully-fed larva 
generally spins a whitish, silken cocoon in close prox- 
imity to the dead host. Sometimes Laelius larvae 
pupate within the hollowed out dermestid skin 
(Spencer, 1942). Gregarious species tend to spin 
cocoons close together. 

Most species are believed to be bisexual and repro- 
duce arrhenotokously in the normal hymenopteran 
manner, although there are a few reports of thelytoky 
(e.g. Busck, 1917). Little is known about mate-finding 
and mating in solitary species, but males of some 
Pristocerinae apparently carry females in flight during 
copulation (Evans, 1963a). In gregarious species sib- 
mating is common with males sometimes biting open 
and entering the cocoon of the female and copulating 
with her prior to her emergence (Gordh et al., 1983; 
Gordh & Medved, 1986). In other cases females bite a 
hole in their own cocoon and wait within for a male 
(Abraham et al., 1990), or mate after emergence 
(Peter & David, 1991b). Courtship, when observed 
was very perfunctory, and copulation brief. In Laelius 
pedatus the male begins on top of the female, but after 
the genitalia are engaged, he flips over onto his back 
behind the female and intromission occurs in this 
position (Mertins, 1980). In some cases males and 
females copulate repeatedly (Yamada, 1955), but in 
others females were receptive to males only once 
(Gordh et al., 1983). However, females are often very 
long-lived and apparently once the sperm supply has 
been depleted a female will mate again, sometimes 
with her son (Gordh, 1976a). Females generally 
require a pre-ovipositional period lasting up to thir- 
teen days (Peter & David, 1991a; Abraham et al., 
1990), during which time they sometimes attack and 
feed from potential hosts. Both males and females 
have been observed feeding on honeydew secretions 
(Evans, 1964a). 


Economic importance. Bethylids are known to 
attack beetle larvae in stems, seeds and stored 
produce, as well as a range of microlepidopterous 
pests. In the Central American region species of 
Goniozus attack the pink bollworm (Pectinophora 


gossypiella, Gelechiidae) on cotton (Cock, 1985), 
Oiketikus kirbyi (Psychidae) on banana (Stephens, 
1962), and Calibitia picata (Pyralidae) on avocado 
(specimens in Zamarano). Not surprisingly, several 
bethylids have been investigated for biological control 
purposes (Clausen, 1978; Cock, 1985). 

Probably the most economically important 
bethylids in tropical America are two exotic species 
that have been introduced to control the coffee berry 
borer (Hypothenemus hampei, Scolytidae). This beetle 
was accidentally introduced from Africa into the New 
World, where it is now one of the most serious pests of 
coffee (Quezada & Urbina, 1987). Attempts to control 
it through classical biological control have centred 
around the use of two bethylid species from Africa, 
Cephalonomia stephanoderis and Prorops nasuta. As a 
result there is an enormous amount of literature treat- 
ing the biology and utilization of these two bethylid 
species (e.g. see Klein Koch et al., 1988; Murphy & 
Moore, 1990). 


Identification. Evans (1957b, 1961c, 1963a € c, 
1964a, 1978) provides keys to genera and many 
Central American species. The key to the genera of 
Bethylidae occurring in Costa Rica given below is 
modified from Evans (1964a, 1978). A few additional 
genera have been included that almost certainly 
occur in, but have not yet been recognized from Costa 
Rica. 


Key to genera of Bethylidae of Costa Rica 


] Fore wing with vein Rs&M simple, straight or 
evenly arched, not angled or giving rise to any 
vein or stub (Figs 13.19-13.22), sometimes 
without veins Rs&M (Fig. 13.23); frons 
usually without a median longitudinal carina 
or polished streak extending from clypeus; 
macropterous, brachypterous or wee ERE 

— Fore wing with veins Rs&M obtusely angled 
or giving rise to a vein (Rs+M) or vein stub 
(Fig. 13.24), sometimes with an enclosed 
discal cell (Fig. 13.25); frons with a median 
longitudinal carina or polished streak extend- 
ing a short distance from clypeus (Fig. 13.33); 
macropterous or brachypterous, never com- 
pletely apterous ............. (Bethylinae)............ 20 


Male: macropterous; scutellum not in contact 
with propodeum, metanotum well developed 
with an emargination or fovea opposite poste- 
rior apex of scutellum (Figs 13.26, 13.27). 
Female: apterous, without tegula or ocelli; eye 
small or absent, eye height up to 0.25 of head 
width (Figs 13.34, 13.35); propodeum often 
constricted anteriorly ....... (Pristocerinae)......3 
Both sexes macropterous, brachypterous or 
apterous, if apterous then usually with tegula 
and ocelli; scutellum in contact with 
propodeum or nearly so, metanotum 
occasionally narrowly transverse but without 
fovea opposite posterior apex of scutellum 
(Figs 13.28-13.32); female with eye height 
more than 0.25 of head width (Figs 13.36, 
13.37); female propodeum not constricted 


anteriorly... ccs (EDV GITAC) eeke: 8 
Male: Mac eter eee 4 
Female: apterous «eere eene 6 


Metasomal tergite II usually with one or two 
pairs of tubercles, pits, depressions or pale 
spots, sometimes unmodified; clypeus 
expanded beneath antennal socket, without 
indentation eee mes Dissomphalus 

Metasomal tergite II without modifications; 
clypeus indented beneath antennal socket, 
sometimes only slightly, most often abruptly 
and'deeply c eese eee IET 5 


Median lobe of clypeus strongly projecting, trun- 
cate or triangular, often with a small median 
tooth; lateral indentation deep, often abrupt, 
forming a right angle or defining basal angles 
of a triangular median lobe; eyes hairy; prono- 
tal disc rounded anteriorly, without transverse 
carina (Fig. 13.20) 1 Pseudisobrachium 

Median lobe of clypeus variable, if similar to 
above then lateral indentation slight, a 
shallow notch; eyes usually glabrous; prono- 
tum often with an anterior transverse carina 
(e rs L0 ara A Pristocera 


Propodeum, in dorsal view, more or less parallel- 
sided, without a strong constriction anteriorly, 
only slightly narrowed ati spiracles 


10 


11 


12 


(Fig. 13.34); maxillary palpi short, at most 2- 
Sep menmie 5r een Dissomphalus 
Propodeum, in dorsal view, strongly constricted 
anteriorly or at spiracles (Fig. 13.35); maxil- 
lary palpi with 3 to 5 segments. ................... 7 


Propodeum constricted at extreme anterior end; 
eye absent or consisting of a single facet. ........ 
ae 0 0 Pseudisobrachium 

Propodeum constricted at spiracles (Fig. 13.35); 
eye present, consisting of more than one facet. 
O OT culo we Pristocera 


Antenna with 10 flagellar segments; if fully 
winged then fore wing with subbasal and 
often basal cells open, at most enclosed by 


Antenna with 11 flagellar segments (first 
flagellar segment short in some species); fore 
wing with basal and usually subbasal cells 
enclosed (Figs 13.19-13.21). ..................... 10 


Apterous, micropterous, or if fully winged, then 
fore wing with vein Rs completely absent. ...... 
INS Loser IP ÓN Cephalonomia®™* 

Fully winged, fore wing with vein Rs present, at 
lgasin part (Eiz 3229)... Plastanoxus 


Clypeus short, truncate, broadly rounded or 
emarginate, barely projecting beyond antennal 
SOCKEISP .......eee (Sclerodermini)................ i 

Clypeus with a projecting median lobe which is 
angular or narrowly rounded. ....(Epyrini)...12 


Propodeal disc margined posteriorly by a trans- 
verse carina (Fig. 13.36); occipital carina 
EI AA ceo Glenosema 

Propodeal disc not margined posteriorly by a 
transverse carina (Fig. 13.37); occipital carina 
PP Sclerodermus** 


Scutellum with an anterior uninterrupted, trans- 
verse groove, simple or with posterior 
deflections laterally or broadened to form 
lateral pits, but still connected by a deep 
groove. (Figs 13.28-13.30). ........................ IS 


13 


14 


T5 


16 


Na 


Scutellum with a pair of anterolateral pits that 
are usually separated, at least by a thin, 
shallow, septum (Figs 13.31, 13.32); occa- 


sionally pits are connected by a thin 
supenticiallline e. TES e a Eg 


Fully winged, fore wing with vein Rs short, sub- 
equal to length of Rs&M (Fig. 13.21). ............ 


If fully winged, then fore wing with Rs very 
much longer than Rs&M (Figs 13.19, 13.20), 
rarely brachypterous or apterous. ............... 14 


Clypeus with three prominent lobes, median lobe 
slightly exceeding rounded lateral lobes; 
mesoscutum usually without notauli or 
with grooves weakly developed. ........ Holepyris 

Clypeus with only the median lobe developed, 
lateral lobes absent or undeveloped; mesoscu- 
tum usually with notauli developed 
(Bigsal 3.29, 13.30): 5... eee es 15 


Pronotal disc rounded anteriorly and laterally, 
without carinae (Fig. 13.29); male antenna 
with first flagellar segment distinct from 
second and slightly shorter than pedicel. ........ 
Rn roca Rhabdepyris 

Pronotal disc carinate at least anteriorly and 
often laterally (Fig. 13.30); male antenna with 
first flagellar segment often not distinct from 
second and usually much shorter than pedicel. 


Eyes strongly hairy; antenna of male simple. ...... 
O o TO ene eee eee Anisepyris 
Eyes glabrous; antenna of male (the only sex 
known) strongly pectinate (Fig. 13.38). .......... 
O rr amare Procalyoza™* 


Pronotum with its posterior part elevated and 
prolonged backwards so as to overlie the ante- 
rior end of the mesoscutum (Fig. 13.32); 
mesopleuron with subalar fovea large, deep; 
femalcionkmoWwas.. mess Aspidepyris 

Pronotum with posterior margin simple, not 
overlaying mesoscutum (Fig. 13.31) meso- 
pleuron with subalar fovea normal, not 
a 18 


BASAL CELL 


SUBBASAL 
CELL 


Ce o 
^ 


TRANSVERSE 
GROOVE 


SCUTELLUM 


METANOTAL 
FOVEA 


PROPODEUM 


29 


Figs 13.19-13.31. Bethylidae. Figs 13.19-13.25. Fore wings; 13.19, Anisepyris sp.; 13.20, Rhabdepyris sp.; 13.21, Laelius sp.; 
13.22, Dissomphalus sp.; 13.23, Plastanoxus sp.; 13.24, Goniozus sp.; 13.25, Prosierola sp. Figs 13.26-13.31. Head and meso- 
soma of males, dorsal; 13.26, Pseudisobrachium sp.; 13.27, Pristocera sp.; 13.28, Laelius sp.; 13.29, Rhabdepyris sp.; 13.30, 


Anisepyris sp.; 13.31, Bakeriella sp. 


Figs 13.32-13.39. Bethylidae. Figs 13.32-13.33. Head and mesosoma of males, dorsal; 13.32, Aspidepyris sp 
Prosierola sp. Figs 13.34—13.37. Females; 13.34, Dissomphalus sp.; 13.35, Pristocera sp.; 13.36, Glenosema sp.; 
Sclerodermus sp. Figs 13.38-13.39. Antenna of male; 13.38, Procalyoza westwoodi; 13.39, Calyozina sp. 


5215233" 
WS 


18 Pronotal disc carinate anteriorly, often laterally 
and medially as well (Fig. 13.31). ....Bakeriella 
—  Pronotal disc rounded, without carinate margins. 
UODOCDUE TESORO E COE UCEE E Nan A Jm 


19 Antenna simple; scutellar disc with rounded 
CORO M id Epyris 
— Antenna pectinate (Fig. 13.39); scutellar disc 
flat, sharp-edged; female unknown. ................. 
POT Bees cep AA Calyozina 


20 Propodeum without  well-developed lateral 
carinae; scutellum with scuto-scutellar groove 
deeply impressed, with small deep grooves 
extending backwards posteriorly; fore wing 
with, or more usually without (Fig. 13.24) an 
enclosedlstsdisealcelle es Goniozus 

—  Propodeum with well-developed lateral carinae; 
scutellum with scuto-scutellar groove broad 
and shallow, with large oval or round foveae 
at either end; fore wing with an enclosed 1st 
discalkeelll Eie 19-25) m vetet re Prosierola 


Synopsis of the Costa Rican fauna 


The Costa Rican bethylid fauna is very species-rich. I 
have seen over 140 species (based on examination of 
1700 specimens) which is almost as many species as 
are currently known for all of America north of 
Mexico. About 60 percent of the Costa Rican species 
are pristocerines, but this is possibly an artifact due to 
bias in the collecting technique (Malaise traps). Many 
more species of Epyrinae and Bethylinae are likely to 
be collected in Costa Rica. 


PRISTOCERINAE 


There are over 25 nominal genera in this subfamily, 
four of which,  Dissomphalus, Parascleroderma, 
Pristocera and Pseudisobrachium, are present in the 
New World. The subfamily is represented in Costa 
Rica by three cosmopolitan genera. The fourth genus 
with American representatives, Parascleroderma, is 
only known in the New World from species in the 
southern United States and northern Mexico (Evans, 
1964a). 


Dissomphalus. Large cosmopolitan genus with at 
least 30 species in Costa Rica. Biology: little-known, 


but they possibly attack beetle larvae. Evans 
(1964a) notes that some neotropical species are 
found in association with army ants, possibly as 
parasitoids of myrmecophilous beetles. 


Pristocera (includes Apenesia syn. n.). A large cos- 
mopolitan genus with at least 25 species in Costa 
Rica. Biology: nearctic and Asian species attack the 
larvae of Elateridae (Yasumatsu, 1955) and some 
Old World species have been reared from cur- 
culionid larvae in roots and stems (Evans, 1964a; 
Baker, 1976). 


Pseudisobrachium. A large genus recorded from all 
regions of the world except Australia. At least 33 
species occur in Costa Rica. Biology: many species 
have been found in ants’ nests, where they possibly 
attack myrmecophilous beetles (Evans, 1964a). 


EPYRINAE 

This subfamily has been divided into three tribes, 
Epyrini, Sclerodermini and Cephalonomiini. These are 
discussed separately below. 


EPYRINAE: Epyrini. This tribe includes nine genera in 
the Western Hemisphere, several of which are cos- 
mopolitan. Seven of these are known to occur in 
Costa Rica and two others are expected to occur 
here. 


Anisepyris. A widespread American genus, centred 
in the tropics, that probably includes over 100 
species. Eight species have been found in Costa Rica. 
Biology unknown. 


Aspidepyris. A small genus that is only recorded 
from Mesoamerica. Three species have been taken 
in Costa Rica. Biology unknown. 


Bakeriella. A moderate sized genus confined to the 
New World, with most species restricted to tropical 
areas. Three species have been found so far in Costa 
Rica. Biology unknown. 


Calyozina. A small genus occurring in tropical 
America, Botswana and Taiwan (Krombein, 
1992b). A single species has been found in Costa 
Rica. Biology unknown. 


Epyris. A very large cosmopolitan genus with at 
least ten species present in Costa Rica. Biology: 
Epyris species attack tenebrionid larvae and trans- 
port them to a suitable site where a shallow nest 
burrow is excavated to receive them (Williams, 
1919a; Evans, 1964a). In temperate regions several 
species overwinter gregariously under bark 
(Krombein in Krombein et al., 1979). 


Holepyris. A large cosmopolitan genus with at 
least six species in Costa Rica. Biology: Holepyris 
species can often be found under bark, where they 
might be attacking larvae of subcorticolous beetles. 
A few species of Holepyris attack larvae of 
Tenebrionidae and possibly microlepidopterous pests 
of stored food, and have been transported through- 
out the world by human activity. 


Laelius**. This is a moderately large widespread 
genus. Biology: several species are encountered in 
human domiciles, where they attack dermestid larvae 
(Back, 1940; Krombein in Krombein et al., 1979). 


Procalyoza**. This genus includes a single species, 
P. westwoodi, known only from the type specimen 
collected in the mid nineteenth century in Panama. 
It is easily distinguished by its pectinate antennae. 
Biology unknown. 


Rhabdepyris. A large cosmopolitan genus repre- 
sented in Costa Rica by at least ten species. Biology 
unknown. 


EPYRINAE: Cephalonomiini. This tribe is represented in 
the New World by two genera, Cephalonomia and 
Plastanoxus. Species of a third genus, Prorops, have 
been introduced from Africa into Brazil in an attempt 
to control the coffee berry-borer. Only Plastanoxus has 
been found in Costa Rica, but several cosmopolitan 
species of Cephalonomia commonly occur in ware- 
houses and similar situations and are likely to be 
present. 


Cephalonomia**. A relatively small genus. Biology: 
parasitoids of a variety of beetles, in bark, fungi and 
in stored products (Evans, 1964a). 


Plastanoxus. A small genus with a single species 
collected in Costa Rica. Biology: widespread tramp 
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species, such as P. westwoodi, are parasitoids of 
beetles in stored products. 


EPYRINAE: Sclerodermini. This tribe is represented in 
the New World by five genera, Nesepyris, Chilepyris, 
Lepidosternopsis, Sclerodermus and Glenosema. Only the 
last mentioned genus has been recorded from Costa 
Rica, but species of Sclerodermus occur widely 
throughout the Caribbean and South America (Evans, 
1964a; Krombein in Krombein et al., 1979). 


Glenosema. A small holarctic genus with a single 
species found in Costa Rica. Biology unknown. 


Sclerodermus**. A moderately large cosmopolitan 
genus. Biology: several species attack wood-boring 
beetle larvae, including species found in human 
habitations. Some South American species have 
been found in association with ants’ nests and in 
Hawaii one species is known to attack tineoid moth 
larvae boring in wood (Evans, 1964a). 


BETHYLINAE 


This subfamily was recently cladistically analysed by 
Polaszek and Krombein (1994) who recognized seven 
genera. Four of these occur in the Western 
Hemisphere. Lytopsenella (which has six enclosed cells 
in the fore wing) is restricted to Chile, while Bethylus 
(which has 12-segmented antennae) is apparently 
strictly holarctic (Evans, 1964a). The other two 
genera, both of which have 13-segmented antennae, 
are represented in Costa Rica. 


Goniozus. An extremely large cosmopolitan genus 
with at least ten species in Costa Rica. In many 
earlier works (e.g. Evans, 1964a) Parasierola was rec- 
ognized as distinct, but it is now generally treated as 
a synonym of Goniozus. Biology: Goniozus species are 
gregarious parasitoids of a range of microlepi- 
dopteran larvae, although one Brazilian species is 
known to attack Microstigmus nests (Sphecidae) in 
abandoned beetle borings (Melo & Evans, 1993). 
Goniozus species are amongst the most widely studied 
of all bethylids, as several species attack commer- 
cially important lepidopteran larvae, including such 
notorious pests as the Pink Bollworm in cotton 
(Busck, 1917) 


Prosierola. A large neotropical genus with repre- 
sentatives in the extreme southern parts of the 
United States. A single species has been collected so 
far in Costa Rica. Biology: Prosierola species have 
been recorded attacking microlepidoptera (Evans, 
1964a). 


CHRYSIDIDAE 


Lynn S. Kimsey 


Diagnosis. Body 2.0 to 15.0 mm in length. Species 
of the most common subfamily are usually heavily sclero- 
tized and metallic blue or green in colour. Sexual dimor- 
phism minimal, both sexes having 13-segmented 
antennae; in some genera the sexes cannot be distin- 
guished without dissecting the genitalia. Most species 
with  tooth-like posterolateral angles on’ the 
propodeum. Wing venation reduced, with 5 or fewer 
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closed cells in the fore wing (at most marginal, basal, 
subbasal, 1st discal and 1st subdiscal), and one or no 
closed cells in the hind wing. Metasoma with reduction 
in the number of visible segments, 3 or 5 in males, 3 or 4 
in females, depending on the subfamily; the remaining 
segments are telescoped within the abdomen, forming 
an ovipositor tube in the female or a genital tube in 
the male; the sting is reduced and functions more as 
an egg guide than as a defensive structure, a feature 
unique amongst the aculeate families. 


Classification and distribution. Worldwide the 
Chrysididae comprises about 3000 described species in 
84 genera. These are currently classified in four sub- 
families, the Cleptinae, Amiseginae, Loboscelidiinae 
and Chrysidinae. The last of these taxa, which includes 
about 80 percent of the species in the family, is subdi- 
vided into four tribes, Elampini, Allocoeliini, Parnopini 
and Chrysidini. The hypothesized phylogenetic rela- 
tionships of these taxa is shown in Fig. 13.41. 


Fig. 13.40. Pleurochrysis sp. (Chrysididae). 


Cleptinae 
Amiseginae 
Loboscelidiinae 
Elampini € 
Allocoeliini * 
Panorpini © 


Chrysidini € 


Fig. 13.41. Postulated phylogenetic relationships of the Chrysididae. Taxa labelled * are included in the Chrysidinae. For 
details of characters supporting this cladogram see Kimsey and Bohart (1991). 


The family has a cosmopolitan distribution, but it is 
relatively depauperate in Australia. In the Neotropical 
region there are three subfamilies—Cleptinae, 
Amiseginae and Chrysidinae—and 20 genera; 16 of 
these genera are represented in Costa Rica and neigh- 
bouring countries by a total of at least 70 species. The 
most primitive subfamily, the Cleptinae, occurs in the 
Holarctic and Neotropical regions, and consists of only 
two genera. The Amiseginae occurs primarily in tropi- 
cal areas of the world and contains about 30 genera, 
while the Loboscelidiinae is restricted to the tropics of 
Asia and Australia and includes only two genera. The 
Chrysidinae, which includes 50 genera, is divided into 
four tribes, two of which, the Elampini and Chrysidini, 
occur in the Neotropics. The other two tribes are 
rather small and restricted to the Old World; the 
Allocoeliini includes only one African genus, and 
Parnopini includes three genera that occur in Africa 
and the Holarctic region (Kimsey & Bohart, 1991). 


Biology. Chrysidid wasps include ectoparasitoids of 
sawfly prepupae, endoparasitoids of phasmid eggs, and 
ectoparasitoids and/or cleptoparasites of nest-building 
Hymenoptera. All are solitary and most appear to be 
idiobionts, although some members of the subfamily 
Chrysidinae allow the host to develop in the manner 
of koinobionts. The biology of most tropical species of 
chrysidids is unknown, and even when information is 
available it usually consists of nothing more than host 
records. 

Female Cleptinae search for sawfly (Tenthredinidae 
and Diprionidae) cocoons on the ground. Once a 


cocoon is located, the female chews a hole in it with 
her heavy mandibles and inserts a single egg with her 
long, robust ovipositor tube, laying the egg ventrally 
on the abdomen of the host. Finally she closes the 
hole with a mucilaginous material. There are no host 
records for Central American species although 
Cleptidea panamensis has been observed flying around 
bushes heavily infested with the sawfly Erythraspides 
interstitialis (Tenthredinidae) (Kimsey, 198 6a). 

Amiseginae and the. extralimital subfamily 
Loboscelidiinae parasitize the eggs of Phasmatidae 
(Costa Lima, 1936; Kimsey & Bohart, 1991). In tropi- 
cal America male amisegines are more often collected 
than females, perhaps because the latter sex spend 
most of their time searching in the leaf litter and on 
plants for their hosts. The female wasp bites a small 
hole in the host egg chorion with her slender 
mandibles and then uses her needle-like ovipositor 
tube to place an egg inside the host egg (Krombein, 
1983). Virtually nothing is known about the imma- 
ture stages of Amiseginae. Adult wasps emerge 
through the operculum of the host egg. 

Chrysidinae are parasitoids and/or cleptoparasites 
of solitary, nest-building Hymenoptera—eumenine 
vespids, sphecids, and bees—although species of one 
Old World genus, Praestochrysis, attacks lepidopterous 
larvae enclosed within their hardened cocoons 
(Yamada, 1987a & b). Table 13.1 is a summary of 
host records for genera occurring in Central America. 

The female chrysidine sometimes uses her mandibles, 
or rarely her ovipositor, to penetrate the host nest, or 
gain access to the host by entering an open cell that is 


Chrysidinae Host 


Elampini 
Elampus 
Hedychridium 


Ground-nesting Sphecidae 
Cavity and ground-nesting 
Sphecidae and Apidae 
Ground-nesting philanthine 

Sphecidae 
Ground-nesting Sphecidae 


Hedychrum 
Holopyga 


Chrysidini 
Caenochrysis Mud-nesting trypoxylonine 
Sphecidae 

Mud-nesting eumenine Vespidae 


and Sphecidae; various Apidae 


Chrysis 


Ipsiura Mud-nesting Eumeninae and 
Sphecidae 

Cavity-nesting Sphecidae 

Mud-nesting Sphecidae 

Mud-nesting Sphecidae and 


Eumeninae 


Exochrysis 
Neochrysis 
Pleurochrysis 


Table 13.1. Host records of genera of Chrysidinae 
occurring in Central America (data from Kimsey & 
Bohart, 1991). 


in the process of being provisioned (Clausen, 1940b). 
Nest-builders attacked by these wasps are quite capable 
of defending their nests by stinging or biting, but the 
chrysidine's body is heavily armoured, and the concave 
metasoma allows the cleptoparasite to roll up into an 
impenetrable ball if she is attacked by the host. If 
detected penetrating the nest, the female chrysidid will 
be evicted by the host, but she is often very persistent in 
her attempts to re-enter the nest. 

In some species the newly hatched larva attaches to 
the host, or the cell wall, and only begins to feed after 
the host has devoured the nest provisions and moulted 
to a prepupa. In other species the chrysidid larva begins 
feeding immediately, consuming the host larva and the 
nest provisions. If more than one chrysidid egg is laid in 
a host cell the first larva to hatch usually destroys the 
other eggs. Chrysidines are predominantly ectopara- 
sitoids. One species is reported to be an endoparasitoid 
(Clausen, 1940b), but this needs to be confirmed. 

An interesting variation occurs in Pseudolopyga car- 
rilloi in California. This species oviposits in free-living 
nymphal bugs (Lygaeidae), but the chrysidid larva will 
not develop beyond the first instar unless the bug in 
which it resides is captured by a sphecid wasp 


(Solierella). Once in the sphecid nest, the larva moults 
to the second instar, emerges from the bug, destroys 
the sphecid egg or larva, and then consumes the bugs 
that were provisioned by the female sphecid (Carrillo 
& Caltagirone, 1970). 

Chrysidid larvae are reported to pass through five 
instars. The first instar has 12 (Cleptinae) or 13 
(Chrysidinae) indistinct body segments and a large, 
non-sclerotized, quadrangular head with small, sickle- 
shaped mandibles (Clausen, 1940b). First instar 
Cleptinae have spiracles on the first thoracic segment 
and on the first seven abdominal segments, whilst 
Chrysidinae have spiracles on the second thoracic 
segment and the first eight abdominal segments. The 
mature larvae are relatively generalized Aculeata, 
with 10 pairs of spiracles and broad mandibles with 
two to four teeth (Evans, 1987a). A parchment-like 
cocoon is spun within that of the host. 


Identification. Keys to the subfamilies, tribes, and 
genera of the world have been provided by Kimsey 
and Bohart (1991). The following key is modified from 
this work. 


Key to genera of Chrysididae of Central 
America 


1 Metasoma with five visible external segments in 
males, four in females (Fig. 13.42); sternites 
strongly convex, visible in profile; propodeum 
generally box-like in profile, usually with some 
horizontal dorsal surface; colour usually dark 
brown to slightly metallic, not heavily sculp- 
[UFCON. Is cites re a 2 

— Metasoma with three visible external segments in 
both sexes (Fig. 13.43); sternites strongly 
concave or flat, only the first generally visible 
in profile; propodeum sloping abruptly, 
without a horizontal dorsal surface; colour 
usually metallic blue-green, usually heavily 
Sculpturedgee ees (Chrysidinae) eres 5 


2 Face above antennal sockets convex, without 
indication of scapal basin; clypeus deeply 
emarginate below each antennal socket and 
with a protruding medial truncation 
(Big, 13°44) ee (Cleptinae)........... Cleptidea 


Face above antennal sockets flat or concave with 
some indication of scapal basin; clypeus not 
deeply emarginate below each antennal 
socket, without protruding medial truncation 
(Eie Ses ERE: (Amiseginae)............... B 


Propodeum with posterolateral angle or tooth; 
occipital carina well developed at least dor- 
sally; pronotum with transverse anterior 
sulcus (Rien Ido) eee... Adelphe 

Propodeum posterolaterally rounded, not angu- 
late or dentate; occipital carina absent; prono- 
tum without transverse anterior sulcus 
(Eig sBligt d 7 So e E eer 4 


Malar space short, much less than half as long as 
eye height (Fig. 13.47); gena without carina; 
pronotum without a posteromedial groove. .... 
EU CHR CLE CUT CERE NN onec COO ODE Amisega 

Malar space long, at least half as long as eye 
height (Fig. 13.48); gena with blade-like 
carina; pronotum with a short, deep postero- 
NE AN o Duckeia 


Tarsal claws dentate, with one to several sub- 
sidiary teeth (Figs 13.57, 15.60); metasomal 
tergite III never with a row of pits; mesopleuron 
with scrobal sulcus oblique. ......(Elampini).......6 

Tarsal claws simple, without subsidiary teeth; 
metasomal tergite III generally with subapical 
row of pits (Fig. 13.43), though sometimes 
these are faint or absent; mesopleuron with 
scrobal sulcus more or less horizontal 


Scutellum anterolaterally with tubercle on edge 
of wing fossa (Fig. 13.49); male with metaso- 
mal tergite III with medial area depressed and 
differentially sculptured with setose stripe 
alonpemudineq cc A Exallopyga 

Scutellum anterolaterally evenly curved, without 
tubercle on edge of wing fossa (Figs 13.50, 
13.51); male with tergite III unmodified. ..... 7 


Tarsal claw with single, perpendicular, submedial 
tooth (Fig. 13.57); face flat or slightly concave 
with at least narrow area of fine transverse 
striation in scapal basin. ............. Hedychridium 


10 


il 


Tarsal claw with one or more subparallel sub- 
sidiary teeth (Figs 13.58-13.60); face usually 
concave, without an area of fine transverse 
station scapal basi ao 8 


Fore wing with vein Rs&M straight or nearly so 
(Fig. 13.52); hind tarsal claw with single sub- 
sidiary tooth (Fig. 13.58); female with metaso- 
mal sternite III with transverse sulcus near 
base; male with hind femur dilated and non- 
metallic black or brown. ..............-. Hedychrum 

Fore wing with vein Rs&M strongly arched 
medially (Figs 13.53, 13.54); tarsal claw with 
two or more subsidiary teeth (Figs 13.59, 
13.60); female with sternite III without trans- 
verse sulcus; male with hind femur not dilated 
and usually metallic coloured. ...................... 9 


Fore wing with basal cell setose (Fig. 13.53). ..... 


XS dnas Ses dogs voco ve emu n Holopyga 
Fore wing without setae in basal cell 
(Big. 13.54). A ees 10 


Metanotum mediodorsally extended into a more 
or less acute, posteriorly directed process, flat 
dorsally; mesoscutum coarsely and regularly 
punctate (Fig 13.50); metasomal tergite III 
with membrane-filled snout-like apex; scapal 
basin flat or shallowly concave, usually sculp- 
tured; female with gena with row of erect 
Short setae nE eenei ni EE Elampus 

Metanotum rounded or slightly projecting; 
mesoscutum sparsely punctate (Fig. 13.51); 
tergite III without apical snout-like structure; 
scapal basin usually deeply concave and 
smooth; female with gena without row of 
SCUAC IS 2200 e mc Holophris 


Mesopleuron divided horizontally by scrobal 
sulcus (Fig. 13.61); fore wing with vein Rs 
long and ending close to anterior wing margin 
(Fig. 13.55), or forming a short stub from 
DIETOS IEMA A. TA... M JU 

Mesopleuron not divided horizontally by scrobal 
sulcus (Figs 13.62, 13.63); fore wing with 
vein Rs long and ending at least 1.5 median 
ocellus diameters away from anterior wing 
mangions (Figs TO 13 
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Figs 13.42-13.48. Chrysididae. Figs 13.42-13.43. Metasomas, female; 13.42, Duckeia sp. 13.43, Pleurochrysis sp. 
Figs 13.44-13.45. Face; 13.44, Cleptidea sp.; 13.45, Amisega sp. Figs 13.46-13.48. Head and pronotum; 13.46, Adelphe sp.; 
13.47, Amisega sp.; 13.48, Duckeia sp. 


ist DISCAL 
CELL 


56 


Figs 13.49-13.56. Chrysididae. Figs 13.49-13.51. Mesosoma, dorsal; 13.49, Exallopyga sp.; 13.50, Elampus sp.; 13.51, 
Holophris sp. Figs 13.52-13.56. Fore wing; 13.52, Hedychrum sp.; 13.53, Holopyga sp.; 13.54, Holophris sp.; 13.55, Chrysis sp.; 
13.56, Ipsiura sp. 
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13.60. Hind tarsal claw; 13.57, Hedychridium sp.; 13.58, Hedychrum sp.; 13.59, 


13.60, Holophris sp. Figs 13.61-13.63. Mesosoma, lateral; 13.61, Chrysis sp.; 13.62, Exochrysis sp.; 13.63, 


. 
“y 


Ipsiura sp. Figs 13.64-13.65. Head, dorsal; 13.64, Ipsiura sp.; 13.65, Neochrysis sp. Fig. 13.66, Neochrysis sp., tergite III of 


Figs 13.57-13.66. Chrysididae. Figs 13.57- 
metasoma. 


Elampus sp 


12 Rim of metasomal tergite III with four to six 


teeth opangles. omeen ae a Chrysis 
— Rim of metasomal tergite III with zero to three 
testo Caenochrysis 


13 Pronotum with sharp, straight, protruding sub- 
lateral carina (Fig. 13.63); face with trans- 
verse frontal carina extending back to enclose 
median ocellus Fig. 13.64). .................:Ipsiura 

— Pronotum without sublateral carina or with 
carina irregular and punctate, not projecting 
(Fig. 13.62); frontal carina usually not enclos- 
ing median ocellus, incomplete dorsally, some- 
times more or less entirely absent (Fig. 13.65). 


14 Propodeum with dorsomedial tooth (Fig. 13.62); 
subgenal area discrete and bounded by 
carinae; fore wing with 1st discal cell complete 
(GBI GS 8S Gym. coe Exochrysis 

— Propodeum without dorsomedial tooth 
(cf Fig. 13.63), or if one present then fore 
wing with 1st discal cell incomplete and sub- 
genal area not defined; fore wing otherwise 
generally with 1st subdiscal cell enclosed; sub- 
genal area defined or not. ............................ ILS, 


15 Metasomal tergite III with pit row absent (Fig. 
13.66) or only indicated by very small pits, 
with little or no prepit swelling; pronotal ante- 
rior declivity usually without submedial pits, 
or these indistinguishable from nearby punc- 
E EA ceci POM o ARE Neochrysis 

—  Metasomal tergite III with pit row plainly indi- 
cated by a depression and at least some pits 
large and deep (Fig. 13.43). with prepit 
swelling usually present; pronotal anterior 
declivity with two deep submedial pits. ........... 
Pc EE terror kitcar bcs TORTE Pleurochrysis 


Synopsis of the Costa Rican fauna 


All three of the subfamilies present in tropical 
America—Cleptinae, Amiseginae and Chrysidinae— 
are present in Costa Rica. The Costa Rican fauna com- 
prises 16 genera and at least 70 species. 


CLEPTINAE 


This subfamily consists of two genera: Cleptes (pre- 
dominantly holarctic, but with one species in 
Argentina) and Cleptidea (neotropical). 


Cleptidea. This genus includes 18 species, seven of 
which occur in Mesoamerica: balboana (Panama), 
fasciata (Guatemala, Panama), janzeni (Costa Rica), 
nigrocincta (southern Mexico), panamensis (Costa 

. Rica, Panama), scutellaris (southern Mexico) and 
viridicéps (southern Mexico). In Costa Rica isolated 
individuals have been collected in lowland dry 
forests in northwestern Guanacaste. Keys to species 
are given by Kimsey (1981, 1986a). 


AMISEGINAE 


This primarily tropical subfamily comprises 28 genera, 
five of which occur in the New World: Anadelphe 
(Brazil, Ecuador; Kimsey,  1987a),  Nesogyne 
(Dominican Republic; Krombein, 1957) and the fol- 
lowing three genera. 


Adelphe. This neotropical genus comprises 37 
described species, one of which occurs in America 
north of Mexico. At least seven species are present 
in Costa Rica: confusa, hansoni, limonae, nitida, para- 
doxa, paralaevis and robusta, where they have been 
collected from sea-level up to an elevation of about 
3000 metres. Taxonomy: Kimsey (1986b, 1993b). 
Biology: the hosts of the tropical species are 
unknown, but the North American species has been 
reared from the eggs of Anisomorpha ferruginea 
(Phasmatidae) (Krombein, 1957). 


Amisega. This genus comprises 25 described 
species and occurs from southern Ontario to central 
Chile, with the majority of the species occurring in 
the Neotropics. Six species occur in Central 
America, with cooperi, geminata and striata known 
from Costa Rica (below 500 metres). Taxonomy: 
Kimsey (1987a, 1993b). 


Duckeia. A small neotropical genus comprising 
three species, one of which, D. vagabunda, occurs in 
Mexico and Central America. It has been collected 
in Alajuela Province of Costa Rica in the Upper 
Valley of the Rio Peñas Blancas at about 700 
metres. Keys to species are given by Kimsey 
(1987a). Biology: the Brazilian species D. cyanea, 


has been reared from the eggs of a species of 
Prisopus (Phasmatidae) attached in rows on a twig 
(Costa Lima, 1936). 


CHRYSIDINAE 


Two of the four tribes occur in the Neotropics. Both 
are represented in Costa Rica. 


CHRYSIDINAE: Elampini. Six genera of this tribe are 
known to occur in the Central American region. 


Elampus**. A large genus represented throughout 
the world, except Australasia, by about 60 species. 
Only three of these occur in the Neotropics, one in 
Brazil, and two from Mexico to El Salvador. Biology: 
in North America one species has been reared from 
the nests of the ground nesting sphecids Hoplisoides 
and Mimumesa (Krombein, 1967). 


Exallopyga. A small neotropical genus comprising 
three species, one of which occurs in Central 
America. This species, E. guatemalensis, has been 
collected in Costa Rica in the Central Valley at 
about 1300 metres. 


Hedychridium. A very large genus of over 200 
species distributed nearly worldwide except 
Australia and South America. A single species, cen- 
trale, is known to occur in Central America (Bohart 
& Kimsey, 1978). Biology: in North America one 
species of Hedychridium has been reared from the 
nests of Solierella species (Parker & Bohart, 1968; 
Carrillo & Caltigirone, 1970). 


Hedychrum. A very large genus comprising about 
150 species, mostly in the Old World. A single 
species, aztecum, occurs in Central America. 
Biology: a North American species has been reared 
from the nest of a Cerceris species (Sphecidae) 
(Byers, 1978). 


Holophris. A medium sized genus represented in 
the Old World and Neotropics by 23 species, one of 
which, albolimbatus, occurs in Central America. 


Holopyga. A large genus with 91 described species, 
mostly in the Old World. Three species, boutheryi, 
luzulina and ventralis, are recorded as occurring in 


Central America. Biology: a North American species 
has been reared from the nests of Bicyrtes species 
(Sphecidae) (Evans, 19664). 


CHRYSIDINAE: Chrysidini. Only six genera of this tribe 
occur in the Central American region. 


Caenochrysis. A large neotropical genus with 51 
described species, ten of which occur in Central 
America (Kimsey & Bohart, 1981) and at least 
seven of which have been found in Costa Rica: areo- 
lata, azteca, doriae, mucronata, parvula, saussurei and 
tridens. Biology: the widespread species C. doriae, C. 
mucronata and C. tridens have been reared from the 
mud nests of Trypoxylon species (Sphecidae) 
(Krombein, 1967; Parker & Bohart, 1967; Parker, 
1967; Johnson, 1974). 


Chrysis. An extremely large cosmopolitan genus 
comprising about 1000 species, at least 15 of 
which are known to occur in Costa Rica includ- 
ing: antennalis, brasiliensis, conica, inflata, intricans, 
intricata, nisseri, nitidula, oreadis, rastellum, smarag- 
dula and venusta. Several other species, such as 
Chrysis angolensis, have become widely distributed 
through human activity and are expected to occur 
in Costa Rica. Biology: hosts of Chrysis species 
include a wide variety of Sphecidae, Apidae and 
Vespidae (for summary see Kimsey & Bohart, 
1991). 


Exochrysis. A rather small, neotropical genus com- 
prising twelve species, six of which are known to 
occur in Central America; panamensis, silvanus, 
spinigera and tolteca are known to occur in Costa 
Rica between sea-level and 800 metres. Taxonomy: 
Kimsey (1985). Biology: E. tolteca has been reared 
from the nests of species of Podium (Sphecidae) 
(Krombein, 1967). 


Ipsiura. A medium sized neotropical genus with 37 
described species, 13 of which occur in Central 
America (Bohart, 1985), and six of which have 
been collected in Costa Rica: cooperi, covillei, irwini, 
pilifrons, tropicalis and venezuelana, all at altitudes 
below 500 metres. Biology: hosts include species 
of Eumenes and Pachodynerus (Vespidae), and 
Trypoxylon and Sceliphron (Sphecidae) (Kimsey & 
Bohart, 1991). 
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Neochrysis. A medium sized genus with 20 
described species. It is primarily neotropical, but two 
species occur in the southern United States. Seven 
species occur in Central America (Kimsey, 1985) 
and two are recorded from Costa Rica: lecointei and 
montezuma (the latter is not uncommon in Costa 
Rica below about 1300 metres). Taxonomy: Kimsey 
(1985). Biology: Species of this genus are com- 
monly reared from Trypoxylon (Sphecidae) nests 
(Coville, 19814). 


Pleurochrysis. A medium sized neotropical genus 
with 36 described species, three of which occur in 
Central America. All three, alfkeni, morosa and 
postica, have been been recorded from Costa Rica 
(Kimsey & Bohart, 1981; Kimsey, 1985). 
Taxonomy: Kimsey (1985). Biology: P. postica has 
been taken in the drier northwest of Costa Rica and 
alfkeni has been collected in more humid situations 
between sea-level and 800 metres. P. postica has 
been reared from the nest of Sceliphron (Sphecidae) 
(Kimsey & Bohart, 1991). 


13.4 SCLEROGIBBIDAE 
lan D. Gauld 
Diagnosis. Body length 2.3 to 6.0 mm. Usually yel- 


lowish brown. Females apterous, males fully winged. 
Both sexes with antenna inserted close to clypeus beneath 


13 The chrysidoid families 


a frontal shelf (Fig. 13.14); antenna (of New World 
species) 20 to 24-segmented. Female with head prog- 
nathous (Fig. 13.67); mesosoma highly modified, 
somewhat hour-glass shaped; fore femur grossly 
swollen; coxae with a dorsal furrow bounded on both sides 
by raised keels. Males with head subtriangular (Fig. 
13.68); pronotum extending posteriorly so that upper 
corner more or less reaches tegula; five (or rarely six) 
enclosed cells in fore wing—marginal, submarginal, 
costal, basal and subbasal; hind wing without cells, 
but with:a well-developed claval lobe (which is basally 
positioned and easily mistaken for a jugal lobe); legs 
slightly modified in the manner of those of the female, 
but less conspicuously so (Fig. 13.15). Metasoma 
spindle-shaped with six or seven visible tergites. 


Classification and distribution. The Sclerogib- 
bidae is a very small family comprising less than 20 
described species, which are currently classified in 
three genera—Caenosclerogibba, Probethylus and 
Sclerogibba (Richards, 1939; Yasumatsu, 1958). The 
first of these is known from a single species in Japan 
(Yasumatsu, 1958), whilst the other two are primarily 
subtropical and tropical in distribution. Sclerogibba is 
Afrotropical with isolated species in southeast Asia 
and southern Europe, whilst Probethylus occurs in 
Australia and the New World. 


Biology. Sclerogibbids develop as solitary or gregari- 
ous ectoparasitic koinobionts of nymphal or adult 


Fig. 13.67. Probethylus sp. female (Sclerogibbidae). 


Fig. 13.68. Probethylus sp. male (Sclerogibbidae). 


Embiidina. Callan (1939), working in Trinidad, 
observed the larva of Probethylus callani attached 
transversely, dorsally on its nymphal embiid host, to 
an intersegmental membrane, either between the head 
and prothorax, or between the pro- and mesothoracic 
segments. Shetlar (1973), working in the United 
States, observed one or two larvae of Probethylus 
schwarzi feeding on the nymph of Anisembia texana 
through the first and second abdominal intersegmen- 
tal membranes. Yokoyama and Tsuneyoshi (1958) 
also observed that a Japanese sclerogibbid, Caenos- 
clerogibba japonica, developed gregariously, with 8 to 
13 eggs being placed on various abdominal sternites 
of its mature female embiid host. In all studies it was 
observed that up to the time that the larvae were half 
grown (or later), they appeared to have little effect on 


the parasitized embiids except that these hosts were 
slightly smaller than normal and sometimes had the 
abdomen slightly deflected laterally. They remained as 
active as their unparasitized siblings. Later, however, 
the embiids became sluggish and were eventually 
killed by the parasitoid. 

Few observations have been made on the larval 
development. Yokoyama and Tsuneyoshi (1958) 
observed that the ‘early’ larva of C. japonica was 
spindle-shaped and pale in colour, whereas the ‘late’ 
larva was slightly flattened dorsoventrally. The latter 
had an enlarged first abdominal segment, and the 
second to fourth segments were interrupted mediodor- 
sally, and tuberculate lateromedially. The sclerogibbid 
larva continued to feed on its dead host until the body 
contents were consumed, and then pupated near the 


Fig. 13.69. Larvae of Probethylus sp. feeding on an embiid. 


host remains in a tough whitish cocoon. These were 
rendered somewhat inconspicuous in the silken 
embiid tunnels due to adhering embiid faecal pellets. 
In Peru a species of sclerogibbid attacking Embiidina is 
known to be parasitized by a perilampid (Burks, 
1969). 


Identification. A key to the described New World 
species is given by Shetlar (1973). 


Synopsis of the Costa Rican fauna 


Only Probethylus is known to occur in the New World. 
It includes three described species: P. callani from the 
Caribbean and Mexico, P. mexicanus from Mexico, and 
P. schwarzi from the United States south of about 
35°N. P. callani has been found in Costa Rica where 
numerous males and isolated females were collected 
in Malaise traps in seasonally dry forest in Santa Rosa 
National Park. Most were taken between April and 
June in the late dry season and early wet (Fig. 13.70). 

A single female, possibly of a different species, has 
been collected in oak forest on the Cerro de la Muerte, 
at about 2800 metres. 


eno LA 


lan D. Gauld 


Diagnosis. Body length 2.0 to 4.0 mm; fore wing 
length 1.5 to 3.5 mm; brown or black; females apter- 


ous or fully winged; males fully winged. Antenna 10- 
segmented in both sexes, arising from a prominence 
(which is most strongly developed in females) well above 
clypeus. Eyes small and oval; lower face usually with a 
pair of impressed lines that originate near anterior 
tentorial pits and converge to antennal insertion; 
clypeus apically convex; mandibles with four teeth, 
the ventral one the largest and the remainder becom- 
ing progressively smaller dorsally; maxillary palp 4-seg- 
mented (apparently 5 in male), labial palp 2-segmented. 
Pronotum reaching back to tegula, hind margin (in 
winged forms) strongly arcuate to almost transverse; 
mesoscutum with notauli impressed near anterior 
margin, parapsidal furrows usually discernible; meso- 
pleuron of winged forms with a transverse sulcus. 
Fore wing with proximal three cells enclosed, first discal 
cell sometimes closed but the veins delineating it pos- 
teriorly are often weak, pterostigma distinct, marginal 
cell open at extreme apex, first subdiscal cell open dis- 
tally; hind wing without enclosed cells, with a sharply 
differentiated claval lobe. Fore leg simple, or in females 
with femur swollen; tibial spur formula 1: 2: 2, some- 
times with mid tibia with only a single spur; fore tibial 
spur strongly curved and truncate; outer hind tibial spur 
short and broad; tarsal claws simple. Metasoma 
spindle-shaped without constriction between first and 
second segments. 


Classification and distribution. The Embolemidae 
is a small family comprising about 20 species classified 
in two genera, Embolemus and Ampulicomorpha. The 
former is cosmopolitan in distribution, whilst the latter 


Number of individuals 


7-10 yr old 


EH 25-50 yr old 


MM pristine 


Fig. 13.70. Monthly occurrence of Probethylus callani (Sclerogibbidae) in Malaise trap catches in different aged forest habitats 


in Santa Rosa National Park, averaged from data for 1985-7. 


is predominantly holarctic. Both have been found in 
Costa Rica. 


Biology. Ampulicomorpha confusa has been reared in 
North America as a koinobiont ectoparasitoid of the 
nymphs of Achilidae (Homoptera: Fulgoroidea) which 
live under loose bark (Bridwell, 1958). The female 
wasp stings its host and feeds on the exuding body 
fluids; after the attack the achilid seems to show no ill 
effects. The egg has not been observed, but the 
embolemid larva develops enclosed in a sac bulging 
from beneath the wing pad (Bridwell, 1958) or 
between abdominal tergites II and III of its host 
(Wharton, 1989b). The sac is of parasitoid origin and 
is formed from larval exuviae. The final instar larva 
has a distinct, more or less prognathous head capsule 
with tridentate mandibles (Wharton, 1989b). After 
destroying its host the embolemid larva constructs a 
cocoon beneath the bark. 

The biology of Embolemus is unknown, but 
Hirashima and Yamagishi (1975) noted that one 
species has been collected in an ant's nest, and they 
suggest that it perhaps attacks ants. I consider that 


unlikely since Ampulicomorpha confusa, and all 
members of the sister group to the Embolemidae, the 
Dryinidae, attack homopterous hosts. Various 
Homoptera, including fulgorids, are known to be sym- 
bionts of ants (Hólldobler & Wilson, 1990a), and it is 
perhaps one of these that is the host of Embolemus. 


Key to genera of Embolemidae present in 
the New World 


To SADLER OLS eae a ee Embolemus 
— Wings fully developed. ......................... eee 2 


2 Hind margin of pronotum strongly concave (Fig. 
13.73), the pronotum in dorsal view short and 
not strongly impressed medially; wings 
hyaltnes eere RS Embolemus 

— Hind margin of pronotum more or less transverse 
(Fig. 13.74), the pronotum in dorsal view 
elongate, with a fairly strong median longitu- 
dinal impression; wings infumate. ................... 
eR Roe... EOE Ampulicomorpha 


Fig. 13.71. Embolemus sp. female (Embolemidae). 


Synopsis of the Costa Rican fauna 


Embolemidae are rather infrequently collected in Costa 
Rica, but occasional individuals have been taken in 
Malaise trap samples from altitudes between about 
sea-level and 2800 metres. 


Ampulicomorpha. This genus is known from two 
described species, one in the Nearctic and a second 
in the Palaearctic region (Rasnitsyn & Matveev, 
1989). Two specimens, representing an undescribed 
species of Ampulicomorpha, have been collected in 
Costa Rica, one from north east of San José (Zurquí 


de Moravia, 1600 m), the other from the southern 
part of the country (Las Alturas, 1500 m). Both 
localities are in humid forest. 


Embolemus. This is a cosmopolitan genus that 
contains most of the species in the family 
(Hirashima & Yamagishi, 1975; Gauld & Bolton, 
1988). A moderate number of males representing 
three putative species have been collected in 
forested localities from sea level up to about 2800 
metres. We have not collected a single female of this 
genus. 


Fig. 13.72. Embolemus sp. male (Embolemidae). 


Massimo Olmi 


Body length 0.9 to 11.6 mm; black 


Diagnosis. 
(many males) to brightly coloured (many females); 
females apterous, brachypterous, or fully winged; males 


fully winged. Sexual dimorphism slight (in 
Aphelopinae) to very pronounced (making it imposs- 
ible to associate the sexes without appropriate rear- 
ings). Antenna 10-segmented in both sexes, filiform or 
slightly clavate, sometimes geniculate, rarely pecti- 
nate; flagellar segments of many females with multi- 


porous plate sensilla (especially in species parasitizing 
Fulgoroidea); antennal insertion close to clypeus. Fore 
wing usually with three enclosed cells (costal, basal and 
subbasal), rarely with a fourth (first subdiscal in a few 
Thaumatodryinus spp), or only one (costal cell in 
Aphelopinae) or two (costal and basal cells in 
Biaphelopinae and Conganteoninae); stigmal vein 
usually present, arising from the pterostigma and con- 
sisting of 2r-rs plus the apical portion of Rs, or rarely 
absent; when present this vein is usually free, or 
rarely intersected by a faint to vestigial track of the 
proximal portion of Rs. Hind wing with marginal vein 
present on leading edge, otherwise without veins or 
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Figs 13.73-74. Embolemidae; pronotum in dorsal view; 13.73, Embolemus sp., male; 13.74, Ampulicomorpha sp., male. 


enclosed cells; claval lobe conspicuous; jugal lobe 
absent. Fore tarsi of females (except Aphelopinae and 
Biaphelopinae) chelate, the chela composed of a 
strongly projecting fifth tarsal segment, opposed by an 
enlarged claw; inner edge of enlarged claw and tarsal 
segment 5 commonly bearing teeth, bristles or lamel- 
lae. More specialised dryinid females have fore legs 
with elongate coxae, trochanters and tarsal segments 
(to improve their raptorial ability). 


Classification and distribution. The Dryinidae 
comprises about 850 species worldwide classified in 10 
subfamilies: the Anteoninae, Apodryininae, Aphe- 
lopinae, Biaphelopinae, Bocchinae, Conganteoninae, 
Dryininae (including Thaumatodryinus), Gonatopodinae, 
Plesiodryininae and Transdryininae (Olmi, 1984, 1986, 
1987b, 1989, 1993b). Seven of these, the Anteoninae, 
Aphelopinae, Apodryininae, Biaphelopinae, Bocchinae, 
Dryininae and Gonatopodinae, occur in the New 
World, and all except the Apodryininae (only known 
from Australia and southern Chile) are represented in 
Costa Rica (Olmi, 1993a). Subfamilies not represented 
in Costa Rica are generally small groups comprising 
less than ten species. 


Biology. Dryinids develop as koinobiont parasitoids 
of auchenorrhynchan Homoptera belonging to the 
superfamilies Cicadelloidea and Fulgoroidea (leafhop- 
pers, treehoppers and planthoppers). They are more or 
less endoparasitic during their early instars, but are 
ectoparasitic in later instars, except for species of 
Crovettia, which are fully endophagous. This genus 
differs from all other dryinids in two other features of 
its biology: it is the only dryinid genus known to 
attack membracids, and it is the only aculeate 
hymenopteran to show polyembryony (Kornhauser, 
1919). The hosts of the subfamilies found in Costa 
Rica are listed in Table 13.2. It should be noted that 
Bocchinae and Gonatopodinae attack non-typhlocy- 
bine cicadellids (Olmi, 1984). Most dryinids attack 
either the nymphal or adult stage of their host, but 
Crovettia always attacks nymphs. 

Little is known about how dryinids actually locate 
hosts, but possibly they are attracted by the secre- 
tions of their hosts. Many dryinids, especially the 
apterous species, are ant-like in general appearance. 
This resemblance possibly allows the female para- 
sitoid to approach the host more readily since honey- 
dew-secreting Homoptera are accustomed to ants 
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Fig. 13.75. Aphelopus sp. (Dryinidae: Aphelopinae). 


attending them. The Australian species Anteon 
myrmecophilum (= Paranteon myrmecophilum) imitates 
typical postures of ants, sub-erect on their mid and 


Dryinid subfamily Host group 

Cicadellidae 

Cicadellidae: Typhlocybinae 
Membracidae 

Fulgoroidea and Cicadellidae 
Fulgoroidea 

Fulgoroidea and Cicadellidae 


Anteoninae 
Aphelopinae: Aphelopus 


Aphelopinae: Crovettia 
Bocchinae 

Dryininae 
Gonatopodinae 


Table 13.2. The hosts of the dryinid subfamilies 
found in Costa Rica. 


hind legs, face to face, stroking one another, licking 
each other's mouth, and soliciting food (Perkins, 
1905). 

Females consume honeydew and other sugary solu- 
tions, but in most groups, except the Aphelopinae, 
they also feed on the same homopteran species that 
serve as hosts. The female dryinid grasps the host 
insect with its chelate fore tarsi and feeds on the 
haemolymph and body tissues of the host (Jervis et al., 
1987). In the more’ specialized subfamilies 
(Gonatopodinae, Dryininae) host-feeding frequently 
kills the host, whereas in the more primitive subfamily 
Anteoninae it commonly does not. In those groups 
where feeding results in the death of the host, mortal- 
ity due to host-feeding may equal mortality due to 
parasitization. 


The manner in which the host is attacked differs in 
different groups, depending upon whether or not the 
females have chelate fore tarsi. In the Aphelopinae 
the females, which have no chelae, grasp the body of 
the host between the anterior two pairs of legs, and 
some species use their mandibles as well. In other sub- 
families the females capture the hosts using the 
chelae. The host is stung through an intersegmental 
membrane, the venom causing temporary paralysis, 
and an egg is laid with the ovipositor (unlike virtually 
all other Aculeata). In most groups the egg is laid into 
the haemocoel of the host. 


Larval development. Development of the immature 
stages of Dryinidae has been best studied in species of 
Aphelopus. The small, alecithal egg develops into an 
embryo which is surrounded by a trophamnion. 
Instead of typical eclosion, the chorion seems to dis- 
solve, leaving the first instar larva within the 
trophamnion, through which respiration and food 
exchange occurs. The second instar larva, still within 
the trophamnion, at first remains motionless near the 
wound inflicted by the dryinid ovipositor, but eventu- 
ally it is compressed against the host integument and 
pushed out of the host through the oviposition 
wound. Its body thus becomes visible externally, 
although it is to some extent hidden by the overlap- 
ping sclerites. There are five larval instars, unless the 
first instar is considered to be an embryo, in which 
case there would be four larval instars. 

Eventually only the head of the dryinid larva 
remains within the host. As the overlapping sclerites 
of the leafhopper move, the exposed posterior part of 
the dryinid larva runs the risk of being damaged. To 
avoid this damage, a cuticular ring, which has been 
formed around the head, is shed during the second 
moult, and this together with the old cuticle, plugs the 
intersegmental gap. The posterior extremity of the 
larva is attached to the host’s integument by an adhe- 
sive substance which it secretes. The exuviae dis- 
carded during the second and subsequent moults 
adhere to the host by the same adhesive substance. 
These exuviae form a characteristic cyst or sac (the 
thylacium) that projects from the host body. At first it 
is small, but after each moult it grows, and ranges in 
colour from black or brown to green or yellow. The 
thylacium of aphelopines is elongate and subrectan- 
gular, quite different from those of the other dryinids 
which are spherical. 


When the posterior end of the larval body is pushed 
out of the host, the epidermis of the host starts a scar 
reaction around the parasitoid larva. This scar tissue 
is anomalous in that the constituent cells are larger 
than normal. These cells penetrate between the 
trophamnion and the larval cuticle, and form a layer 
surrounding the dryinid larva. The trophamnion 
around the posterior part of the larva dissolves, and 
thus in the thylacium the larva is surrounded only by 
scar tissue. The trophamnion remains only around the 
head in the haemocoel, where it continues its nutri- 
tional and respiratory functions. The scar tissue is 
interrupted in front of the larva's face and through 
this hole the dryinid sucks in the nutrients absorbed 
through the trophamnion. The hole is kept open by 
the larva feeding. 

The trophamnion is in contact with tracheae of the 
host, thus allowing gaseous exchange to the para- 
sitoid larva. Respiration is, however, constantly cuta- 
neous, because the tracheae of the parasitoid are filled 
with liquid (Buyckx, 1948). During the fourth instar 
the larval cuticle becomes very thick, and in the sub- 
sequent moult this thick larval skin is not cast, but it 
forms a sheath around the final instar larva. 
Eventually the penultimate instar larval skin breaks 
and the final instar larva emerges. The typhlocybine 
host ceases activity and remains attached to the food 
plant by its rostrum. The final instar dryinid larva is 
structurally very different from the other instars as it 
is hymenopteriform, instead of sacciform. It also has 
well-developed mouthparts, whereas the previous 
instars had rudimentary mouthparts, and it has func- 
tional tracheae (Buyckx, 1948). The mature dryinid 
larva then kills its host by consuming all the host’s 
internal tissue. On completion of feeding, the dryinid 
larva splits open the thylacium, crawls out, and 
pupates in the soil (Keilin & Thompson, 1915; 
Buyckx, 1948; Jervis, 1980a & b). The pupae are 
exarate and enclosed in a silk cocoon, the silk being 
produced by labial glands of the mature larvae. 

Development of Crovettia is similar to Aphelopus, but 
within the trophamnion the egg divides to form up to 
70 morulae, each of which forms an embryo. 
Eventually each embryo becomes enclosed in a sep- 
arate trophamnion, which is permeable to some sub- 
stances but chemically transforms others before 
passing them to the embryo (Ivanova-Kasas, 1972). 
The trophamnion also protects the embryos by sep- 
arating them from the haemolymph. The larvae 


develop within the host haemocoel, and finally 
consume all the tissues of the membracid host after 
the latter has reached either its final nymphal instar 
or adulthood. After moulting the dryinid larvae 
emerge from the abdominal sternal regions of the 
membracid corpse. 

In Gonatopodinae a small egg is glued externally 
(Fenton, 1918) or internally (Giri & Freytag, 1989) 
on the intersegmental membrane. If the egg is posi- 
tioned externally, the first instar larva penetrates the 
host through the ovipositor wound immediately after 
eclosion. In the first instar the posterior part of the 
parasitoid body protrudes from the host between two 
overlapping sclerites. A trophamnion and scar tissue 
are absent. The spiracles of the dryinid larva are 
open, the tracheae are not fluid-filled, and respiration 
is tracheal, using atmospheric air taken in via the 
posterior part of the body (Ponomarenko, 1975). The 
mouthparts are rudimentary and the larva is inca- 
pable of feeding directly on the host haemolymph. In 
front of the larval face two oval vesicles are visible; 
their function is not clear, but they are probably the 
equivalent of the Aphelopus trophamnion and act as 
mediators for obtaining food (Ponomarenko, 1975). 
During the first moult the larval cuticle is cast outside 
the host body, remaining around the posterior end of 
the dryinid larva. During the succeeding moults other 
cast larval skins are added to this thylacium. In some 
species the penultimate instar larva (third or fourth) 
begins to consume all the tissue of its host, killing it 
during the nymphal or adult stage (Hernandez, 1984; 
Hernandez & Belloti, 1984; Giri & Freytag, 1989). In 
other species it is the last instar larva that devours all 
the body contents of the host (Fenton, 1918). 
Pupation occurs in a silken cocoon on leaves or stems 
of the food-plant of the host, or occasionally in the 
soil. 

Development of Dryininae is essentially similar to 
that of Gonatopodinae (Haupt, 1932; Ramirez, 1992). 
Development of Anteoninae and Bocchinae is poorly 
known, but seems to be intermediate between that of 
Aphelopus and that of the Gonatopodinae and 
Dryininae (Ponomarenko, 1975). The larva is sur- 
rounded by a tissue-like trophamnion, but it is much 
thinner than in other subfamilies. On the sides of the 
mouth two conical epithelial processes are visible, 
which seem to be homologous with the oval vesicles 
of the Gonatopodinae and Dryininae. The mature 
larva pupates in a silken cocoon in the soil. 


Effects of parasitization on the host. In some species of 
Gonatopodinae and in the few species of Dryininae 
that have been studied (Pillault, 1951; Subba Rao, 
1957), parasitization of host nymphs may prevent the 
transformation of the host to the adult stage. Pillault 
(1951) suggested that this developmental arrestment 
is caused by the dryinid larva and not by the venom 
injected by the adult female during oviposition. Host 
development is halted so long as the dryinid larva 
remains alive, but if the parasitoid larva is killed host 
development resumes. In one gonatopodine species 
inhibition of development may or may not occur, 
probably depending upon the individual host’s reac- 
tion to the dryinid larva. Dryinid larvae may also 
inhibit the development of competing parasitoids. For 
example, the first eclosed dryinid larva may stop the 
development of other dryinids, pipunculids and strep- 
sipterans developing in the same host (Ponomarenko, 
1971, 1975). In some cases, however, development of 
other dryinid larvae is not affected and two mature 
larvae may emerge from one host. In such cases the 
adult dryinids are small and possibly display anom- 
alous colours. 

In other dryinids parasitization of the host nymph 
does not prevent its transformation to the adult stage, 
and in these cases the adult host can show pro- 
nounced anatomical and physiological changes result- 
ing from parasitization. Hosts attacked by aphelopines, 
for example, often show external colour changes, and 
internally there may be a degeneration of the ovari- 
oles. Adult males are sometimes parasitically castrated 
and show many of the sexual characteristics of the 
females. In such cases male stridulatory organs are 
lost, and the external genital appendages show consid- 
erable modifications. The rate of development of para- 
sitized nymphs may be retarded as the parasitoid 
extracts nourishment from the host. The parasitized 
host may eat more, and a part of this extra food, 
together with substances coming from the degenera- 
tion of internal organs, is transformed into fat tissue 
(Buyckx, 1948; Fenton, 1918; Jervis, 1980a; 
Kornhauser, 1919). Gonatopodinae induce anatomi- 
cal and physiological changes equivalent to those pro- 
duced by the Aphelopinae (Lindberg, 1950; 
Raatikainen, 1967; Ponomarenko, 1971, 1975; 
Hernandez, 1984; Hernandez & Belloti, 1984; Giri & 
Freytag, 1989; Kitamura, 1983, 1988). When adult 
hosts are attacked by dryinids, the host does not show 
such anatomical changes because its organs are fully 


developed prior to parasitization. However, its repro- 
ductive capacity is often reduced. 


Life cycle. In the Neotropics a few life cycles of dryinids 
have been studied. In Colombia the time taken for 
development of  Haplogonatopus  hernandezae, a 
gonatopodine parasitoid of Tagosodes orizicolus (= 
Sogatodes oryzicola), takes 21 to 39 days to develop 
from the egg to adult at 28°C and 75.5 percent rela- 
tive humidity; 2 to 5 days are required for embryonic 
development, 14 to 23 days for larval development, 2 
days for the prepupal stage and 3 to 9 days for the 
pupal stage. The adult female lives 5 to 17 days 
(Hernandez, 1984; Hernandez & Belloti, 1984). Other 
species that have been studied include Gonatopus 
bartletti (Gonatopodinae) in El Salvador (Quezada, 
1979) and Dryinus poecilopterae (Dryininae) in 
Colombia (Ramirez, 1992). In some dryinids the 
pupae remain in their cocoons for many months until 
the temperature and humidity conditions permit the 
emergence of the adults (Perkins, 1905). 

Adult male dryinids are short-lived and either they 
do not eat, or they feed only on sugary solutions such 
as honeydew. The females are apparently more active, 
and move constantly and rapidly in search of hosts, 
although they are poor flyers. For dispersal dryinids 
probably rely on their parasitized hosts since macropter- 
ous Auchenorrhyncha are known to undertake long 
migrations, even across hundreds of kilometres of open 
sea, and the flying ability of parasitized individuals is 
apparently not impaired (Kitamura & Nishikata, 1987). 

Dryinid reproduction is either arrhenotokous (the 
normal hymenopteran form), or less commonly, in 
some Gonatopodinae, Anteoninae, Dryininae and 
Crovettia (Aphelopinae) thelytokous. 


Pest species 


Dalbulus maidis 


Perkinsiella saccharicida 
Poekilloptera phalaenoides 
Saccharosydne saccharivora 
Tagosodes orizicolus 


Dryinid parasitoid 


Gonatopus bartletti 


Gonatopus morenoi 

Dryinus poecilopterae 
Gonatopus variistriatus 
Haplogonatopus hernandezae 
Gonatopus flavus 


Economic importance. Because many leafhoppers 
and planthoppers are important agricultural pests, the 
dryinid species that attack them are potentially 
beneficial pest control organisms. Table 13.3 lists 
leafhopper and planthopper pests known to be attacked 
by dryinids in the Central American region. In some 
places up to 78 percent of the pest populations sampled 
are parasitized (LeQuesne, 1972) although parasitiza- 
tion rates vary seasonally, and may be higher in the 
wet season than at other times of the year (Peña & 
Shepard, 1986). Many species of Dryinidae inflict far 
higher mortality on the host than simple assessment of 
parasitism rates suggest because additional host indi- 
viduals are killed and used for host-feeding. For 
example, in Colombia Haplogonatopus hernandezae kills 
an average of five rice planthoppers per day by parasit- 
ization and an approximately equal number by host- 
feeding. Since the adult female dryinid lives 5 to 17 
days, it can kill nearly 100 additional planthoppers 
(Hernandez, 1984; Hernandez & Belloti, 1984). The 
efficiency of Gonatopus bartletti attacking Dalbulus maidis 
has been studied in Puerto Rico (Bartlett, 1939) and 
Mexico (Moya Raygoza, 1990). l 

Some dryinids have been used in classical biological 
control programmes. For example, in 1906 and 1907 
Gonatopus (= Pseudogonatopus) hospes and Haplogonatopus 
vitiensis were introduced into Hawaii from China and 
Fiji respectively, in order to control the sugar-cane plan- 
thopper, Perkinsiella saccharicida (Swezey, 1928), but 
these introductions failed apparently because the 
dryinids were attacked by hyperparasitic Encyrtidae 
(Williams, 1931). Although dryinids have not been 
extensively employed in biological control programmes 
in Central America, there are several species that poten- 
tially could be utilized. For example, species of Gonatopus 
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Table 13.3. Major planthopper and leafhopper pests in Central America and the dryinids that 


attack them. 


that are present in Colombia could be introduced 
against Perkinsiella saccharicida and Saccharosydne saccha- 
rivora if they are not already present (Quezada, 1986). 

As mentioned above in the Hawaiian example, the 
effectiveness of dryinids as biological control agents 
may be limited by hyperparasitoids. These include 
Diapriidae on Anteoninae and Aphelopinae (Waloff, 
1975; Masner, 1976d; Jervis, 1979), Ceraphronidae 
on Gonatopodinae (Swezey, 1908; Pagden, 1934), 
Encyrtidae on Gonatopodinae and Dryininae (Perkins, 
1906; Pagden, 1934; Subba Rao, 1957; Tachikawa, 
1981) and Chalcididae on Dryininae. In their turn the 
hyperparasitic Encyrtidae may be parasitized by 
Eulophidae (Perkins, 1906). 


Identification. Keys to the world genera and 
species of Dryinidae are given by Olmi (1984, 1993b). 
More recent treatments of genera or species-groups 
are mentioned below under the faunal synopsis. 


Key to subfamilies of Dryinidae present in 
Central America 


(Note: males of the subfamily Biaphelopinae are 
unknown.) 


J| Era. A Soo 2 
== MEES, aono aa EE DSL 8 
2 Front tarsus not chelate (Fig. 13.75). ..............- 3 
= Froni tarsus chelate (Fig. 13.76). 5e roots 4 


3 Fore wing with only the costal cell enclosed by 
pigmented veins (Fig. 13.77). s.essesesessesrsreeesseeee 
A d Aphelopinae (p. 502) 

— Fore wing with costal and basal cells enclosed by 
pigmented veins (Fig. 13.78). .........................- 
Pe E creer Biaphelopinae (p. 502) 


4 Chela without rudimentary claw (Fig. 13.85). 
[Tibial spur formula 1: 1: 2; occipital carina 
complete; macropterous or brachypterous, at 
least with scale-like vestiges of fore wings dis- 
GEBRDIE: |... oerte Anteoninae (p. 502) 
— Chela with rudimentary claw (Fig. 13.86). ...... 5 


5 Antenna with tufts of long hairs on segments 5 to 
1O (esr. 115259363) B caeca Thaumatodryinus) (p. 503) 


10 


Antenna without tufts of long hairs (Fig. 13.72). 


Mid leg without a tibial spur, the tibial spur 
formula i10: O 0 Jo"... me 
JO EDD ERR: Gonatopodinae (p. 503) 

Mid leg with a tibial spur, the tibial spur formula 
1i Fori: M eee 7 


Mandible with four teeth, the anterior one the 
largest and the others progressively smaller 
(Fig. 13.81); 5th segment of fore tarsus always 
with more than one lamella (Fig. 13.86). ....... 
A Dryininae (most genera) (p. 503) 

Mandible with one to four teeth (Figs 13.82-84); 
quadridentate mandibles commonly with three 
large teeth and a rudimentary fourth tooth 
between the two posterior teeth (Fig. 13.83), 
or rarely with four teeth, the anterior one the 
largest and the others progressively smaller, 
but then with 5th segment of fore tarsus with 
only one preapical lamella (Fig. 13.87). .......... 
RA D: Bocchinae (p. 502) 


Fore wing with only the costal cell enclosed by 
pigmented veins (Fig. 13.77); occipital carina 
completen... 2m Aphelopinae (p. 502) 

Fore wing with costal, basal and subbasal cells 
enclosed by pigmented veins (Figs 13.79, 
13.80), or occasionally with only the costal 
cell enclosed, but then occipital carina is 
absenti O es cie S 9 


Mandible with four teeth, the anterior one the 
largest and the others progressively smaller 
(Fig. 13.81), or occasionally teeth similar to 
each other, never with a rudimentary tooth. .. 


Mandible with one to four teeth (Fig. 13.82- 
13.84); quadridentate mandibles with three 
large teeth and a rudimentary tooth between 
the two posterior teeth (Fig. 13.83). ........... Jl 


Fore wing with distal abscissa of R about as long 
as or longer than the pterostigma (Fig. 13.80). 
AO ETOILE Thaumatodryinus (p. 503) 

Fore wing with distal abscissa of R shorter than 
theipterossgma (Els. 13.79). .......... eere nnn 
a i M Anteoninae (p. 502) 


Fig. 13.76. Gonadryinus hansoni (Dryinidae: Dryininae). 


11 Mandible with one to four teeth; tridentate 12 Occipital carina complete or incomplete; male 
mandibles with teeth not progressively larger genitalia simple, without dorsal process on 
from the anterior one to the posterior one (Fig. gonoforceps (Fig. 13.89). Dryininae (p. 503) 
MEA e aa CORE Bocchinae (p. 502) — Occipital carina absent; occasionally complete, 
— Mandible with three teeth progressively larger but then with male genitalia with dorsal 
from the anterior one to the posterior one (Fig. process on gonoforceps (Fig. 13.90). ............... 


HPS RS As) Meee c c sen E Ec Ee re 12 SMPs Gonatopodinae (p. 503) 


82 
77 81 


89 88 


Figs 13.77-13.90. Dryinidae. Figs 13.77-13.80. Fore wing; 13.77, Aphelopus sp. (Aphelopinae); 13.78, Biaphelopus sp. 
(Biaphelopinae); 13.79, Anteon sp. (Anteoninae); 13.80, Thaumatodryinus sp. (Dryininae). Figs 13.81-13.84. Mandible; 13.81, 
Dryininae (female); 13.82, Bocchinae; 13.83, Bocchinae; 13.84, Dryininae (male). Figs 13.85-13.87. Fore tarsal chela; 13.85, 
Anteoninae; 13.86, Dryininae; 13.87, Bocchinae. Fig. 13.88. Antenna, Thaumatodryinus sp. (Dryininae). Figs 13.89-13.90. 
Male genitalia; 13.89, Dryinus sp. (Dryininae); 13.90. Gonatopus sp. (Gonatopodinae). 
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Synopsis of the Costa Rican fauna 


Seven of the eleven subfamilies of Dryinidae are repre- 
sented in Costa Rica by a total of 89 species in 16 
genera (Olmi, 1993a €: b). Dryinids occur in virtually 
all terrestrial habitats, from the coast to paramo-like 
areas above 2800 metres on the Cerro de la Muerte. 
They are present in both natural forests and 
agroecosystems. 


ANTEONINAE 


The Anteoninae is a large, cosmopolitan subfamily 
comprising five genera, three of which are repre- 
sented in Costa Rica by a total of 41 species; they 
have been collected from sea-level to 3000 metres. 
Anteonines are small to moderately large dryinids 
(body length of 0.9 to 7.5 mm) and the females are 
black or brightly coloured, while the males are com- 
monly black. Both sexes are usually fully-winged, but 
rarely the females are brachypterous, but they always 
have at least the fore wing discernible as a scale-like 
vestige. In fully-winged individuals the fore wing has 
three enclosed cells, the costal, basal and subbasal 
(Fig. 13.79). Although the females have chelate fore 
tarsi, the chela is primitive. The inner edge of the 
enlarged claw lacks lamellae or peg-like teeth (Fig. 
13.85), which are characteristic of the more special- 
ized dryinids. 


Anteon. A large cosmopolitan genus represented in 
Costa Rica by 24 species. Keys to the neotropical 
species are given by Olmi (1989). Biology: species of 
Anteon attack various Cicadellidae, but none are 
recorded from Typhlocybinae. 


Deinodryinus. A large, widespread genus repre- 
sented in Costa Rica by 16 species. Keys to the 
neotropical species are given by Olmi (1989). 
Biology: unknown. 


Lonchodryinus. A small cosmopolitan genus with 
a single species present in Costa Rica. Keys to the 
neotropical species are given by Olmi (1989). 
Biology: Lonchodryinus species attack various 
Cicadellidae. 


APHELOPINAE 


The Aphelopinae is a small cosmopolitan subfamily 
comprising just two genera, both of which are present 


in Costa Rica, where species can be found between 
sea-level and 3000 metres. Aphelopines are small 
dryinids (body length 1.1 to 3.1 mm) which are com- 
monly black coloured, but with the head often partly 
whitish. Fore wing venation is very reduced, with a 
single enclosed cell (Fig. 13.77). Species of this sub- 
family exhibit very little sexual dimorphism and are 
believed to be very primitive. 


Aphelopus. A moderate sized, cosmopolitan genus 
with six species known to occur in Costa Rica. Keys 
to the neotropical species are given by Olmi (1984). 
Biology: Aphelopus species parasitize typhlocybine 
cicadellids. 


Crovettia. A primarily neotropical genus with two 
species present in North America. Three species are 
recorded from Costa Rica (Olmi, 1993a). Keys to the 
neotropical species are given by Olmi (1984). 
Biology: Crovettia species parasitize Membracidae. 


BIAPHELOPINAE 


This is a very small subfamily comprising only a single 
genus, Biaphelopus (Olmi, 1984). Males and biology 
are unknown. These are small insects (body length 
2.4 to 2.6 mm) which are black in colour, and with 
two enclosed cells in the fore wing (Fig. 13.78). 


Biaphelopus. A very small genus comprising only 
two species worldwide. One species is present in 
Nepal, whilst the other, Biaphelopus hansoni, occurs 
in Costa Rica (Olmi, 1989) where it has been col- 
lected on the edge of dense lowland wet forest at 400 
metres on the Atlantic slope. Biology: unknown. 


BOCCHINAE 


The Bocchinae is a small subfamily comprising six 
genera, one of which occurs in Costa Rica. Bocchines 
are small to large dryinids (body length 1.4 to 10.6 
mm) with very pronounced sexual dimorphism. The 
males commonly are black whilst the females vary 
from black to brightly coloured. Both sexes are usually 
winged and females are only rarely brachypterous. 


Bocchus. A moderately large, cosmopolitan genus 
represented in Costa Rica by two species. Keys to 
the neotropical species of Bocchus are given by Olmi 
(1989). Biology: hosts are Issidae (Olmi, 1984). 


DRYININAE 


A large subfamily comprising, worldwide, five extant 
genera. Three of these have been found in Costa Rica, 
at low and mid altitudes. A key to genera is given by 
Olmi (1993b) and keys to the neotropical species are 
given in Olmi (1984, 1986, 1987a, b & c, 1989, 
1990). Dryinines are small to large dryinids (body 
length 1.6 to 11.6 mm) with both sexes fully winged, 
but sexual dimorphism very pronounced. The males are 
commonly black and the females brightly coloured. The 
fore legs of the female are very elongate and chelate. 


Dryinus (= Alphadryinus, Mesodryinus, Perodryinus, 
Tridryinus, see Olmi, 1993b). A large cosmopolitan 
genus that, worldwide, includes almost all of the 
species in the subfamily. Thirteen species are 
known to be present in Costa Rica. Biology: para- 
sitoids of species of Dictyopharidae, Cixiidae, 
Flatidae, Acanaloniidae, Issidae, Ricaniidae, 
Delphacidae and Fulgoridae (Olmi, 1984). The 
biology of D. poecilopterae has been studied in 
Colombia (Ramirez, 1992). 


Gonadryinus. A small neotropical genus repre- 
sented in Costa Rica by a single species, G. hansoni. 
Biology: unknown. 


Thaumatodryinus. A small tropical and subtropi- 
cal genus with one species, T. clarus, recorded from 
Costa Rica. Keys to the neotropical species are given 
by Olmi (1984, 1987a). Biology: Thaumatodryinus 
species parasitize Flatidae. 


GONATOPODINAE 

This is the largest subfamily of dryinids, comprising 
more than half of the described species. Fourteen 
genera are recognized and six of these are repre- 
sented in Costa Rica where individuals have been 
collected from sea-level to 2100 metres. A key to 
genera is given by Olmi (1993b) and keys to the 
neotropical species are given by Olmi (1984, 1986, 
1987a). Gonatopodines are small to moderately large 


dryinids (body length 1.2 to 7.8 mm) that exhibit 
pronounced sexual dimorphism—the females com- 
monly being apterous (winged in a few genera, 
rarely brachypterous) and black or brightly coloured, 
while the winged males are usually black. The 
females have very elongate and chelate fore legs and 
the male genitalia have a more or less developed 
dorsal process of gonoforceps. 


Eucamptonyx. A small neotropical genus repre- 
sented in Costa Rica by two species. Biology: 
unknown. 


Gonatopus (= Acrodontochelys, Apterodryinus, 
Dicondylus, Donisthorpina, Pseudogonatopus see Olmi, 
1993b). A very large, cosmopolitan genus repre- 
sented in Costa Rica by 14 species. Biology: 
Gonatopus species parasitize a variety of Cicadellidae 
(but not Typhlocybinae,  Idiocerinae or 
Macropsinae), Delphacidae, Acanaloniidae, Flatidae, 
Tropiduchidae and Lophopidae. 


Haplogonatopus. A small but widespread genus 
that is represented in Costa Rica by a single species, 
H. hernandezae. Biology: Haplogonatopus species para- 
sitize Delphacidae. 


Neodryinus. A moderate sized, pantropical genus 
with a few species also occurring in North America. 
It is represented in Costa Rica by two species. 
Biology: Neodryinus species parasitize Flatidae, 
Ricaniidae and Nogodinidae (Olmi, 1984). 


Pareucamptonyx. A small neotropical genus repre- 
sented in Costa Rica by a single species, P. costari- 
canus. Biology: unknown. 


Trichogonatopus. A small predominantly neotropi- 
cal genus with one species occurring northwards 
into the southern United States. It is represented in 
Costa Rica by a single species, T. albomarginatus. 
Biology: unknown. 


Denis J. Brothers 


The superfamily Vespoidea is almost certainly a mono- 
phyletic clade which is the sister group of the Apoidea 
(Brothers, 1975; Brothers & Carpenter, 1993). Unlike 
the Chrysidoidea and the Apoidea, however, the 
Vespoidea does not appear to possess any unique 
synapomorphies, mainly being characterized by the 
reduced prepectus. It comprises ten extant mono- 
phyletic families (Fig. 14.01). The most recent and 
comprehensive study of the phylogeny of the families 
(and some subfamilies) of Vespoidea is that of Brothers 
and Carpenter (1993) who re-evaluated the work of 
Brothers (1975) and subsequent authors. The phy- 
logeny shown in Fig. 14.01 represents our present 
best estimate of their relationships. 

The major differences from the previous schemes 
(e.g. Brothers, 1975) involve consideration of the 
Sierolomorphidae as the most ‘primitive’ family, and 
the Pompilidae as more closely related to the 
Mutillidae, Tiphiidae and Sapygidae than to the 


A 


Rhopalosomatidae. The Pompilidae is unequivocally a 
member of the Vespoidea contrary to Rasnitsyn’s 
(1980, 1988) contention that it should be considered 
part of the Apoidea. 

In attempting to trace the changes in biology 
reflected in the above phylogeny (Fig. 14.02), 
difficulties are encountered, since the biology of some 
of the taxa is unknown, and others show a consider- 
able range of behaviour patterns. Species of 
Sierolomorphidae are thought to be- idiobiont 
ectophagous parasitoids of other arthropods found 
within a friable solid substrate, since this is hypothe- 
sized to be the primitive condition in the aculeates 
(Rasnitsyn, 1980) and their morphology does not con- 
tradict it (Brothers & Carpenter, 1993), but nothing is 
actually known of their habits. Members of the 
Tiphiidae are primarily idiobiont ectophagous para- 
sitoids of solitary subterranean beetle larvae, so pre- 
sumably retaining the primitive condition. The 
Pompilidae are specialized in attacking spiders and in 
closing the shelter in which the host (prey) is placed, 
but they are otherwise primitive in utilizing single 
host/prey individuals and paralysing them. Mutillidae 


Sierolomorphidae 
Mutillidae 
Sapygidae 
= Tiphiidae 
Rhopalosomatidae 
Bradynobaenidae 
= Formicidae 
Scoliidae 
Vespidae 


Fig. 14.01. Postulated phylogenetic relationships of the Vespoidea. For details of characters supporting this cladogram see 


Brothers and Carpenter (1993). 


and Sapygidae are essentially similar, but utilize the 
immatures of other aculeate Hymenoptera as hosts 
and do not transport them. 

The other major lineage of Vespoidea shows a 
greater range of behaviour patterns. 
Rhopalosomatidae are koinobiont ectoparasitoids of 
crickets, developing in a manner superficially similar 
to that of Embolemidae and Dryinidae (Chrysidoidea), 
and thus very different from other vespoids. The 
biology of the Bradynobaenidae is almost completely 
unknown (Chapter 14.1); one species of Typhoctini 
has been recorded as a koinobiont ectoparasitoid of 
immature Solifugae, but this may not be typical of 
other members of the family. The entirely social 
Formicidae have a range of behaviour patterns, but 


#2 koinobiont ectoparasitoid 


the most primitive ants are predators on other arthro- 
pods, utilizing numerous prey individuals which are 
transported to the nest. The Vespidae show various 
degrees of sociality, but primitively are predators of 
other arthropods which are captured and transported 
to a previously constructed cell already containing an 
egg. The Scoliidae are somewhat anomalous in this 
series, because they seem to have retained an essen- 
tially primitive pattern, being idiobiont ectoparasitoids 
of beetle larvae within a substrate, although they 
appear to transport the host individual a short dis- 
tance and construct a rudimentary cell in which it is 
placed. 

All of the vespoid families are represented in 
Central America, although some (such as the 


Rhopalosomatidae 
Bradynobaenidae 
Formicidae 
Scoliidae 


Vespidae 


idiobiont ectophage (parasitoid or predator) 


Bl koinobiont 'endoparasitoid' (in sac) 


Fig. 14.02. Suggested biological evolution within the Vespoidea. 1: exploiting single arthropod (probably immature beetle) 
hosts in soil (the ancestral habitat); 2: exploiting single immature aculeate Hymenoptera in host cells in ancestral habitat; 3 
some species exploiting hosts in other situations or attacking other immature stages in enclosed ‘packages’; 4: some species 
exploiting hosts in other situations; 5: exploiting single spiders in ancestral habitat, but many are relocated and concealed; 
many species construct cells and a few are koinobiont ectoparasitoids of active spiders; 6: one species attacking and re-locating 
single gryllotalpids in ancestral habitat and a few attacking ancestral hosts in burrows in wood; 7 : attacking single gryllids on 
ancestral habitat; 8: attacking single immature Solifugae in ancestral habitat (based on one species); 9: relocating host (prey): 
10: eusocial, attacking many and varied arthropods in ancestral habitat, but many species in different habitats, and/or utilizing 
fungal or plant material as food; 11: constructing and closing cell containing host (prey); 12: exploiting single ancestral hosts 
in ancestral habitat; 13: exploiting several insect hosts placed in ancestral habitat after egg laying, but many species utilizing 
different habitats, and some social to various degrees. Complex nest construction has evolved independently in Pompilidae, 


Vespidae and Formicidae. 


Rhopalosomatidae) are very much better represented 
than others (such as the Scoliidae). The remainder of 
this chapter covers the eight families without eusocial 
representatives. Summarizing the vast body of litera- 
ture that has accrued about ants and vespids requires 
treating each as a separate chapter. 

The winged members of the Vespoidea may be 
identified to family using the key given below; apter- 
ous individuals can be recognized using the keys pro- 
vided in Chapter 5.4. , 


Key to alates of families of Vespoidea 
present in Central America 


Ian D. Gauld 


[Note: Masarine vespids and chyphotine bradynobaenids are 
accommodated in this key. Neither have been collected in 
Costa Rica; the former are expected, but the latter (indicated 
by an asterisk) are unlikely to be present.] 


1 Metasoma with segment I or segments I and II, 
node-like, humped in lateral view, sharply sep- 
arated from following segments (Figs 
14.03-14.06); eyes with inner margin 
convex; tergite II without felt lines; pronotum 
in dorsal view with posterior margin very 
strongly concave (Figs 14.07, 14.08). ............ 
E SR ER Formicidae (p. 588) 

— Metasoma with segment I not node-like 
(Figs 14.10, 14.11), if slightly humped in 
lateral view and somewhat separated from fol- 
lowing segments (Fig. 14.09) then either eyes 
with inner margin notched (Figs 
14.12-14.15) and/or tergite II with felt lines 
(Fig. 14.9) and/or pronotum in dorsal view 
with posterior margin weakly concave 
BES MO = AO): ere a erea a 2 


2 Distal part of wings finely corrugated 
(Fig. 14.36); mesosoma ventrally with 
metepisternum extending posteriorly to cover 
bases of hind coxae (Fig. 14.27); male with 
three stout spines projecting beyond apex of 
last metasomal sternite. .... Scoliidae (p. 555) 

— Distal part of wings not corrugated (Figs 
14.30-14.34); mesosoma ventrally with 
metepisternum not covering bases of hind 


coxae (Fig. 14.28); male with apex of meta- 
soma various—simple, with hooked last tergite 
or with two projecting spines, never with 
three longisplnes; eer 3 


3 Mesopleuron with a straight diagonal sulcus 
which traverses the mesopleural scrobe (Fig. 
14.21); hind legs relatively long and generally 
with tibia somewhat spinose. 

[Eye generally without a deep notch on 
inner side opposite antennal socket; longest 
apical spur of hind tibia with 'brush' on inner 
side basally, this 'brush' coinciding with a 
‘brush’ on the inner surface of the basitarsus.] 
ANA S ic SEM Pompilidae (p. 522) 


—  Mesopleuron without a straight diagonal sulcus 


which traverses the  mesopleural scrobe 
(Figs 14.10-14.11); hind legs various. ........ 4 


4 Eye with a deep notch on inner side nearly oppo- 


site antennal socket, this notch U- or V-shaped 
(Bigs [4513-1451 5) et RON 5 


— Eye with inner margin simply convex or straight 


(Figs 14.16, 14.18), or with a very broad, 
shallow notch (Fig. 14.17). ........................ 10 


5 Antenna with one or two stout setae on the 
dorsal apical margin of first to fifth flagellar 
segments; fore wing with costal cell obliter- 
ated, C and Sc+R+Rs contiguous for most of . 
their length (Fig. 14.30); females with distal 
four tarsal segments flattened and broadened, 
ventrally concavo nrnna EEUU 
ETT E Rhopalosomatidae (p. 548) 


— Antenna without stout setae on the dorsal apical 


margin of the basal flagellar segments; fore 
wing with costal cell discernible, though some- 
times narrow, C not contiguous with Sc+R+Rs 
for most of its length (Figs 14.31-14.34); 
females with distal four tarsal segments unspe- 
ae eee e E 6 


6 Antenna with flagellum short and very strongly 
swollen;apicallvselib-like. ..............-. cs 
a Vespidae (Masarinae**) (p.564) 


— Antenna with flagellum short to moderately 


long, not swollen apically, not club-like. ...... 7 


7 


10 


Fore wing with 1st discal cell very elongate, at 
least 0.35 of length of wing, often more 
(Fig. 14.31); antennal sockets more or less 
flush with front of head, without overhang- 
ing dorsal lobe or ridge (Fig. 14.14); fore 
wing always folded longitudinally; upper 
hind corner of pronotum right-angled or 
acutely pointed (Fig. 14.11)............................ 
esc RES e eee Vespidae (p. 561) 

Fore wing with 1st discal cell short to moderately 
elongate (Figs 14.32-14.34); antennal sockets 
facing downwards or outwards, with an over- 
hanging dorsal lobe or ridge (Fig. 14.15); fore 
wing seldom folded longitudinally; upper hind 
corner of pronotum truncated, rounded or 
Ni LAO) e E 8 


Male only: apex of sternite VIII produced into a 
long, up-curved hook; mesosternal region pro- 
duced posteriorly into a pair of large triangu- 
lar lobes that partially cover the bases of the 
midicoxae (MeT 14 28) cerea eee nere 
ea Tiphiidae (male Myzininae) (p. 514) 

Males or females: male with apex of sternite VIII 
not produced into a long up-curved hook; 
mesosternal region not posteriorly produced 
into a pair of large triangular lobes. ............. 9 


Metasoma petiolate, tergite I rather slender, 
much narrower and shorter than tergite II 
(Fig. 14.19); mid and hind tarsal claws simple; 
hind wing without a distinct jugal lobe 
Eo. Mutillidae (part) (p. 541) 

Metasoma not petiolate, tergite I gradually nar- 
rowed anteriorly, posteriorly as broad as 
tergite H, and longer than tergite II 
(Fig. 14.20); mid and hind tarsal claws with a 
median tooth; hind wing with a distinct jugal 
lobe Egg 37). Sapygidae (p. 539) 


Metasoma with anterior end of first segment 
slender, formed from sternite only 
(Fig. 14.29). 

[Ocelli enlarged; tergite II with ‘felt-lines’ 
laterally; last sternite posteriorly produced into 

a stont UP-CULVEd MOOK «| copias 
Bradynobaenidae (Chyphotinae*) 


eesoosonsuseoconttr 


Metasoma with anterior end of first segment 
broad to slender, formed from tergite as well 
aSISIeHMILe- A ial 


11 Males only (antenna 13-segmented): posterior 


end of metasoma with a pair of slender, often 
hooked projections (the apices of the para- 
meres) (Fig. 14.22), the subgenital plate api- 
cally truncate or with a short median point; 
tergite II often with felt-lines (an elongate area 
bearing fine close short pubescence) laterally 
(Fig. 14.9); metasoma in dorsal view generally 
petiolate anteriorly, with tergite I either much 
narrower than tergite II and differentiated 
from it, and/or abruptly narrowed into a 
‘neck’ anteriorly (Figs 14.23-14.25). 

[Very hairy wasps, upper part of head 
bearing pubescence that is longer than intero- 
cellanidisidncesllme ent 12 

Males or females: male with posterior end of 
metasoma without paired projecting para- 
meres, sometimes with the subgenital plate 
posteriorly elongately pointed and up-curved 
to form a hook, or sometimes rounded to 
acute; male and female with tergite II without 
felt-lines laterally; metasoma, in dorsal view, 
spindle-shaped, with tergite I evenly nar- 
rowed, posteriorly as broad as tergite II, and 
more or less confluent with it. .................... 13 


12 Metasoma with tergite I abruptly constricted 


anteriorly into a narrow ‘neck’ (Fig. 14.25); 
head without large lobe overhanging antennal 
sockets; eye quite elongately oval, with a very 
shallow indentation opposite antennal inser- 
tion, weakly convex (Fig. 14.17); fore wing 
with ten enclosed cells (Fig. 14.35). ................ 
M Bradynobaenidae (Typhoctinae)(p. 552) 
Metasoma with tergite I evenly constricted ante- 
riorly, or not constricted, not forming a 
narrow ‘neck’ (Figs 14.23-14.24); head with 
lobe or ridge overhanging the antennal 
sockets; eye subcircular, without a shallow 
indentation opposite antennal insertion, and 
very strongly convex (Fig. 14.16); fore wing 
with six to ten enclosed cells (e.g. Fig. 14.32). 
Bo ut recon DEEP Mutillidae (p. 541) 


FELT -LINE 


Figs 14.03-14.10. Vespoidea. Figs 14.03-14.06. Formicidae, lateral view petiolar region; 14.03, Labidus sp.; 14.04, 
Pseudomyrmex sp.; 14.05, Leptogenys sp.; 14.06, male formicine. Figs 14.07-14.08. Formicidae, males, anterior part of meso- 
soma, dorsal; 14.07, Leptogenys sp.; 14.08, Pseudomyrmex sp. Fig. 14.09. Typhoctes sp. (Bradynobaenidae), base of metasoma, 
lateral. Fig. 14.10. Mesosoma and base of metasoma, lateral, Huarpa sp. (Sapygidae). 


Figs 14.11—14.20. Vespoidea. Fig. 14.11. Mesosoma and base of metasoma, lateral, Synoeca sp. (Vespidae). Figs 14.12-14.18. 
Head, front view; 14.12, Campsomeris sp. (Scoliidae); 14.13, Rhopalosoma sp. (Rhopalosomatidae); 14.14, Synoeca sp. (Vespidae); 
14.15, Timulla sp. (Mutillidae); 14.16, Traumatomutilla sp. (Mutillidae); 14.17, Typhoctes sp. (Bradynobaenidae); 14.18, Tiphia 
(Tiphiidae). Figs 14.19-14.20. Mesosoma and base of metasoma, dorsal; 14.19, Ephuta sp. (Mutillidae); 14,20, Sapyga sp. 
(Sapygidae). 
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Figs 14.21-14.29. Vespoidea. Fig. 14.21. Pompilidae, body, lateral. Fig. 14.22. Male genitalia, Traumatomutilla sp. (Mutillidae). 
Figs 14.23-14.25. Anterior part of metasoma, dorsal; 14.23, 14.24, Mutillidae; 14.25, Typhoctes sp. (Bradynobaenidae). 
Fig. 14.26. Hind leg, female. Myzinum sp. (Tiphiidae). Figs 14.27-14.28. Mesosoma, ventral; 14.27, Campsomeris sp. (Scoliidae); 
14.28, Tiphia sp. (Tiphiidae). Fig. 14.29. Base of metasoma, lateral, Chyphotes sp. (Bradynobaenidae). 
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1st DISCAL 
CELL 


MARGINAL 
CELL 


1st DISCAL 
CELL 


14.30-14.37. Vespoidea. Figs 14.30-14.36. Fore and hind wings; 14.30, Rhopalosoma sp. (Rhopalosomatidae); 14.31, 
14.33, Sierolomorpha sp. (Sierolomorphidae); 14.34, Tiphia sp. (Tiphiidae); 14.35, 


s sp. (Scoliidae). Fig. 14.37. Hind wing, Sapyga sp. (Sapygidae). 


Figs 
Synoeca sp. (Vespidae); 14.32, Mutillidae; 
Typhoctes sp. (Bradynobaenidae); 14.36, Campsomeri 


13 Hind wing without a discernible jugal lobe; fore 
wing with seven enclosed cells, the marginal 
cell always longer than the pterostigma 
(Fig. 14.33); male with subgenital plate 
unspecialized; male antenna often with slender 
tyloids on central flagellar segments; mesoster- 
nal region not posteriorly produced into a pair 
of large triangular lobes. .................. 
MEINE ee SHEFOLOMOrphidae (p. 512) 

— Hind wing with a jugal lobe; fore wing usually 
with eight, nine or ten enclosed cells 
(Fig. 14.34), if fewer (six or seven) then mar- 
ginal cell shorter than pterostigma (Fig. 14.46); 
male often with apex of sternite VIII produced 


teosootoosoetono 
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UI 


into a long, up-curved hook, or if simple, then 
with fringed posteriorly with a row of short 
stout spines; mesosternal region sometimes pro- 
duced posteriorly into a pair of large triangular 
lobes that partially cover the bases of the mid 
coxae (Fig. 14.28). ............. Tiphiidae (p. 514) 


Paul E. Hanson 


Diagnosis. Body length 3.5 to 6.0 mm; shiny black, 
sometimes with yellowish legs; with barely visible short, 
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Fig. 14.38. Sierolomorpha sp. (Sierolomorphidae). 


decumbent hairs; sexual dimorphism minimal, both 
sexes usually fully winged. Antennae inserted low on 
face, in female 12-segmented, in male 13-segmented, 
male antenna often with tyloids; eye oval with inner 
margin very shallowly sinuate, not protuberant. 
Pronotum large, freely articulating with mesothorax, 
hind margin shallowly arcuate, posterolateral angle 
rounded and reaching tegula. Fore wing with seven 
enclosed cells, pterostigma large and sclerotized, 2rs-m and 
2m-cu absent; hind wing with two enclosed cells, 
without distinct claval and jugal lobes. Fore and hind 
coxae contiguous; tibial spur formula 1: 2: 2, spurs 
simple; tarsal claws with submedian tooth. Metasoma 
with first segment broad (not petiolate), tergite I with 
lateral margin overlying sternite I and not fused to it; 
female with tergite VII hidden; male sternite VIII simple. 
Classification and distribution. This small enig- 
matic family is known from the single genus, 
Sierolomorpha, which comprises seven described 
species in the New World (Canada to Panama), one in 
Hawaii, and two in the Old World (northern China 
and Tadzhikistan). The relationship of the family is 
not well understood. Brothers (1975) placed the 
Sierolomorphidae in the Vespoidea, just above the 


40 
35 
30 
25 
20 


15 


Number of individuals 


10 


Feb Mar Apr May 


7-10 yr old 


Jun 


E 25-50 yr old 


basal Tiphiidae — Sapygidae — Mutillidae branch, but 
in their re-analysis of vespoid phylogeny Brothers and 
Carpenter (1993) now consider the sierolomorphids as 
the sister-lineage to all remaining vespoids. 


Biology. Nothing is known about the biology of this 
family, although given what is understood about the 
phylogenetic position of the Sierolomorphidae and the 
habitats of its relatives, it is possibly attacking coleopter- 
ous larvae that are concealed in soil or another sub- 
strate. However, this is pure speculation at present. 


Identification. Evans (19615) provided a key to the 
nearctic species and an additional species was 
described by Miller (1986). 


Synopsis of Costa Rican taxa 

Two species of Sierolomorpha have been collected in 
Costa Rica: similis in the seasonally dry, lowland 
(below 1000 m) forests of northwestern Costa Rica 
and west of San José (Ciudad Colón), and an unde- 
scribed species from mid-altitude (1500 m) forests in 
southern Cosíta Rica. 


B8 pristine 


Fig. 14.39. Monthly occurrence of Sierolomorpha similis (Sierolomorphidae) in Malaise trap catches in different aged forest 
habitats in Santa Rosa National Park, averaged from data for 1985-7. 
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S. similis has been collected most commonly in 
scrubby regenerating wooded areas in Santa Rosa 
National Park west of the Area Administrativa. Despite 
intensive collecting few individuals have been taken 
in more mature areas of forest such as the Bosque San 
Emilio or the Bosque Humedo. Virtually all specimens 
were collected between June and December 
(the wet season) (Fig. 14.39), and only a single indi- 
vidual was taken during the dry season from January 
to May (Gauld, pers. comm.). 


14.2 TIPHIIDAE 
Lynn S. Kimsey 


Diagnosis. Body length 2.8 to 20.0 mm; usually 
black, sometimes black with yellow markings. Sexual 
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dimorphism slight to extreme; males always winged, 
females either winged or apterous, the latter slender 
and ant-like in general appearance. Eye not emar- 
ginate internally (except in males of some Myzininae). 
Antenna of females 12-, of males 13-segmented. 
Pronotum separated from mesoscutum by a strong 
dorsal suture, the two not fused; dorsal mesosoma 
with other transverse sutures present behind the 
promesonotum; in winged forms the pronotum pro- 
duced back to, or almost to, the tegulae; mesosoma in 
ventral view with the mid coxae widely separated, dis- 
tinctly not contiguous, their bases preceded by a pair of 
teeth or laminate lobes which may overlap the coxae. 
Venation nearly complete, the fore wing with six or 
(usually) more enclosed cells; hind wing almost 
always with two (very rarely three) enclosed cells, and 
usually with both claval and jugal lobes present, 
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Fig. 14.40. Tiphia sp. female (Tiphiinae). 
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Fig. 14.41. Pterombrus sp. male (Myzininae). 


though the former is more or less indistinguishable in 
the Thynninae. First metasomal tergite usually sep- 
arated from the second by a constriction; terminal 
metasomal sternite of males with a distinct up-curved 
spiniform process (except in the subfamily Thynninae, 
and in the extralimital Diamminae and Anthoboscinae). 


Classification and distribution. The family 
Tiphiidae is a relatively small group of aculeate wasps, 
comprising approximately 2000 described species in 
90 genera worldwide (Kimsey, 1991b). These are 
classified into seven subfamilies, the Anthoboscinae, 
Diamminae, Tiphiinae, Brachycistidinae, Methochinae, 
Thynninae and Myzininae. The putative phylogenetic 
relationships (Kimsey, 1991b) between these subfami- 
lies are shown in Fig. 14.42. Brothers and Carpenter, 
in their re-analysis of aculeate phylogeny (1993), 
presented a slightly different phylogenetic arrange- 
ment; they suggest the Thynninae is the sister-group 


to the (Tiphiidae + Brachycistidinae) + (Myzininae + 
Methochinae). 

All subfamilies except for Diamminae, which com- 
prises only one monotypic genus endemic to southern 
Australia, occur in the New World (Kimsey, 1991b). 
The Anthoboscinae includes four genera restricted to 
South America, one genus restricted to North 
America, and the genus Anthobosca, which is cos- 
mopolitan and may possibly be found in Mesoamerica 
(although it has not been seen yet), During the course 
of intensive sampling in preparation for this book indi- 
viduals of Brachycistidinae, a subfamily previously 
only known to occur in western North America, were 
collected in the dry part of northwestern Costa Rica, 
thus recording this subfamily from the Neotropics for 
the first time. The Methochinae, Myzininae and 
Tiphiinae are widely distributed throughout the 
world while the Thynninae has a primarily 
transantarctic distribution. 


= a eee Anthoboscinae 
Diamminae 
Tiphiinae 
—— Brachycistidinae 

Methochinae 

Thynninae 
k Myzininae 
Fig. 14.42. Postulated phylogenetic relationships of the Tiphiidae. For details of characters supporting this cladogram see 
Kimsey (1991b). 


Biology. The biology of species of the Antho- 
boscinae and Brachycistidinae is unknown, although 
many species of the latter are nocturnally active and 
probably fossorial (Kimsey, 1991b). Species of the 
other tiphiid subfamilies are solitary, ectoparasitic idio- 
bionts of large soil-dwelling insects. The majority 
attack beetle larvae, and many show a preference for 
more or less fully-grown individuals. Species of 
Tiphiinae and Thynninae attack scarabaeids (Clausen, 
1940b), the Methochinae attack cicindelids (Burdick 
& Wasbauer, 1959) and the Myzininae attack both 
scarabs and cicindelids (Kimsey, 1991b). In Argentina 
one thynnine has been reported as attacking a cur- 
culionid (Lloyd, 1952), and in the Old World tiphiids 
are also recorded from larvae of Tenebrionidae. The 
single species in the subfamily Diamminae, D. bicolor, 
attacks mole crickets (Gryllotalpidae) (Clausen, 
1940b). It is worth emphasizing here that the hosts of 
most tiphiid species, especially the tropical species, are 
unknown. 

In the most extensively studied genus, Tiphia 
(Tiphiinae), the female wasp burrows into the soil in 
order to gain access to a scarabaeid larva. Beginning 
in the venter of the thorax, the female wasp repeat- 
edly stings the host, injecting a venom that causes 
temporary paralysis. She then often commences an 
extensive ‘kneading’ of the ventral surface of the 
abdomen with her mandibles, after which she curls 
her body around the host, moves her ovipositor 
backward and forward in a groove between two 
abdominal segments, and finally attaches an egg in 
this groove (Clausen, 1940b). The exact interseg- 
mental groove chosen and the precise position in 


which the egg is placed on the body of the host 
appears to be constant for any given species (e.g. see 
Clausen et al., 1932). Kneading or ‘malaxation’ of 
host cuticle in preparation for oviposition appears to 
be lacking in Tiphia species that oviposit on the 
dorsum of the host, but has been observed in 
Methochinae (Williams, 1919b) and Thynninae 
(Lloyd, 1952). Methochinae, Myzininae and 
Thynninae are reported to cause permanent paralysis 
in their hosts and to place the egg longitudinally 
rather than transversely on the body of the host 
(Clausen, 1940b). The majority of tiphiids leave the 
parasitized host in the burrow in which it was found 
and fill it with soil. The Australian Diamminae on 
the other hand is reported to drag the temporarily 
paralysed host to a previously prepared burrow 
(Clausen, 1940b). 

Tiphiid larvae are quite generalized and uniform, 
with quadridentate mandibles (Evans, 1965a). The 
second pair of thoracic spiracles is reduced as in 
Mutillidae and Pompilidae (Evans, 1987a). Larvae of 
some Thynninae are covered in liquid excreted from a 
transverse slit in the last abdominal segment (Lloyd, 
1952). There are five larval instars and each succes- 
sive instar may make a new feeding puncture a short 
distance in front of the previous one (Clausen, 1940b). 
In the latter part of the fifth instar suctorial feeding is 
abandoned and the entire host body is consumed with 
the exception of the head and legs. It is in this stage 
that the host is finally killed. Cocoons of Tiphiidae are 
more slender than those of Scoliidae, being broader at 
the anterior end, and the emergence hole is more 
irregular (Clausen, 1940b). 


Adult tiphiids feed on honeydew and nectar, often 
during the morning hours. Mating may take place on 
the vegetation during this period, except in Thynninae 
(see below). An additional source of nutrition for the 
adult female is host-feeding, which usually entails 
biting off one of the legs of a host on which she has 
just oviposited and imbibing the fluids that exude from 
the wound (Clausen, 1940b). Thynninae, on the other 
hand, are reported to use different hosts for oviposition 
and for host-feeding (Janvier, 1933). In Costa Rica 
males of a species of Myzinum have been observed to 
form sleeping aggregations on small trees (Gauld, pers. 
comm.). 


Economic importance. Some species of Tiphia have 
been used in classical biological control programmes 
against scarab pests such as the sugar-cane grub 
(Phyllophaga smithi) and the Japanese beetle (Popillia 
japonica) (Clausen, 1978). Although in several cases 
the tiphiids became established, and often exerted 
some control, their effectiveness in lowering the pest 
populations appears to have been limited by availabil- 
ity of food sources for the adults. 


Identification. Keys to the subfamilies of the world 
are provided by Kimsey (1991b). The subfamilies and 
genera occurring in Costa Rica can be separated with 
the following key. The Anthoboscinae (denoted by an 
asterisk) are not known to occur in Costa Rica, but 
are included in the key because they occur in both 
North and South America. 


Key to subfamilies and genera of Tiphiidae 
present in Costa Rica 


1 Wingless (some females). ...................- TIE 2 
— Winged (all males and most females). .............. 4 


2 Mid and hind tibiae with one spur, hind tibial 
spur with row of comb-like spines; meso- 
pleural lamella small and digitate. ................... 
Econ (Methochinae) ................ Methocha 

— Mid and hind tibiae with two spurs, hind tibial 
spur without comb; mesopleural lamellae 
bioadiandalabe ee 3 


3 Frons not expanded and overhanging antennal 
socket in dorsal view. ........... Brachycistidinae 


— Frons bulging above, and somewhat overhang- 
ing antennal socket. ....(Thynninae).... Aelurus 


4 Male: sternite VIII with a flattened subtriangular 
apical platform, margined with short, stout 
spines; gonostylus with coiled ribbon-like setae 
usually showing externally; hind wing with 
claval lobe barely indicated, without an inci- 
sion (Fig. 14.43). 

[Fore wing, of Costa Rican species, hyaline 
with a large infumate patch towards distal 
end] Wm (Dye eS Aelurus 

— Males or females: male with sternite VIII forming 
a long up-curved spine apically (Fig. 14.41) 
(NB in one extralimital group, simple, but this 
does not have an infumate patch in the fore 
wing); gonostylus without ribbon-like apical 
setae; hind wing with claval lobe generally 
clearly indicated by a fairly deep incision (Figs 
14.44-14.45), or if lobe weakly defined then 
marginal cell shorter than  pterostigma 
(Fig. 14.46); marginal cell otherwise long, 
sometimes/'opentdistallyeu-.. 2-72 eae 5 


5 Fore wing with marginal cell extremely short 
(sometimes obliterated), distal abscissa of Rs 
more or less joining R at distal end of 
pterostigma; fore wing of Costa Rican species 
with 6 or 7 enclosed cells (Fig. 14.46). ............ 
a EEE ccc (Brachycistidinae) .............. Quemaya 

— Fore wing with marginal cell always very long, 
sometimes open distally (Fig. 14.40), with Rs 
approaching or joining anterior margin of 
wing far distad of distal end of pterostigma; 
fore wing with 8 to 10 enclosed cells 
A a e O 6 


6 Frons with projections or lobes overhanging 
antennal sockets, the sockets thus being 
directed slightly downwards or outwards from 
the plane of the front of the head (Fig. 14.47); 
females with marginal cell of fore wing closed 
distally (Fig. 14.44); metasternum without 
subtriangular plate between mesopleural 
Leva EVES, ee Y 

— Frons flat, without projections or lobes overhang- 
ing antennal socket, the socket thus being 
more or less flush with front of head (Fig. 


10 


14.48); females with marginal cell of fore 
wing open distally (Fig. 14.40); metasternum 
forming a subtriangular plate between meso- 
plewrallilqmellde.. <c...sssceccssvecssosescssessreceseecenee 11 


Males: sternite VIII forming a long up-curved 
spine apically (Fig. 14.41). ........................... 8 
EA (Myzininae) eee eec 10 


Metasoma with sternites III to V with a deeply 
invaginate transverse furrow delineating a 
closely punctate anterior area and a weakly 
biconvex, sparsely punctate posterior area 
(Fig. 14.49); hind coxa with a triangular 
dorsal flange (Fig. 14.51); fore wing with two 
submarginal cells (Fig. 14.45). ........................ 


"me uod (Methochinae) ............... Methocha 
Metasoma with sternites III to V simply convex, 
without a deeply invaginate transverse 


furrow; hind coxa without a triangular dorsal 
flange; fore wing with three submarginal cells 
(Big. TESA). neren (Myzininae) ............. 9 


Mesoscutum without notauli; antenna 13-seg- 
mented; eyes not emarginate; usually black or 
black and red coloured. ................. Pterombrus 

Mesoscutum with notauli; antenna appearing 12- 
segmented as pedicel is hidden in apex of 
scape; eyes strongly emarginate (notched) near 
antennal insertion; usually black with exten- 
sive yellow or orange markings. ....... Myzinum 


Slender, gracile insects, with legs slender, unspe- 
cialized, the longer hind tibial spur without a 
conspicuous basal notch; fore wing with 
pterostigma distinct and distal part of R adja- 
cent to fore margin of wing (Fig. 14.41); 
mesoscutum without notauli; antenna 12-seg- 
mented; usually black or black and red 
colinda AA ee Pterombrus 

Robust insects, with legs stout, spinose and fosso- 
rial (cf Fig. 14.40), the longer hind tibial spur 
with a conspicuous basal notch; fore wing 
with pterostigma indistinct and distal part of R 
behind fore margin of wing (Fig. 14.44); 
mesoscutum with notauli; antenna appearing 
11-segmented as pedicel is hidden in apex of 
scape; usually black with extensive yellow or 
onangesmahllagsb....- «c ee eene ecc cene Myzinum 


11 Mid tibia with two spurs; male with sternite VIII 
apically rounded, unspecialized. ...................... 
20 SSRIs Leer derer Seite ea Anthoboscinae* 
— Mid tibia with one spur; male with sternite VIII 
forming a long up-curved spine apically. ......... 
nos E (Tiphiinae) eee 


12 Body black with yellow markings; tegulae very 
large and elongate, extending beyond metan- 
otum and covering bases of hind wings. ......... 
YET LI P CDI CUOI Epomidopteron 

— Body entirely black or with reddish areas, or off- 
white markings on face; tegulae large, but 
never reaching back to metanotum 
(Eig. MAO). cin tete e 13 


13 First metasomal tergite without transverse 
medial carina or well-defined lateral depres- 
SIODS eerte te i I NR Tiphia 
— First metasomal tergite with transverse medial 
carina and often with well-defined lateral 
depressions (Rigs 14-52) eeens Paratiphia 


Synopsis of the Costa Rican fauna 


Currently about 30 species in eight genera and five 
subfamilies are known to occur in Costa Rica. A sixth 
subfamily, Anthoboscinae, which is represented in 
both North and South America, may also occur here. 
Tiphiids are commonly encountered in all lowland 
and mid altitude sites throughout Costa Rica, but they 
appear to be much rarer at high altitude sites above 
2500 metres. 


BRACHYCISTIDINAE 


This subfamily consists of 13 nominal genera, virtu- 
ally all of which are restricted to western North 
America. There is probably much need for generic 
synonymy since all genera, except Brachycistis, are 
only known from one sex. Most of the described taxa 
comprise rather large to small, brownish species with 
large prominent ocelli—a typical adaptation to a noc- 
turnally active existence. However, the males of 
Quemaya are small and brown to black. A key to the 
North American genera of Brachycistidinae is given 
by Wasbauer (1968). One genus of Brachycistidinae, 
Quemaya, has recently been found in Costa Rica, a 
southern extension of the known range of the subfam- 
ily of more than 2000 kilometres. 
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Figs 14.43-14.46. Tiphiidae, fore and hind wings; 14.43, Aelurus sp., male (Thynninae); 14.44, Myzinum sp., female 
(Myzininae); 14.45, Methocha sp., male (Methochinae); 14.46, Quemaya sp., male (Brachycistidinae). 
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Figs 14.47-14.52. Scanning electron photomicrographs of Tiphiidae. Figs 14.47-14.48. Faces; 14.47, Methocha sp. 
(Methochinae); 14.48, Paratiphia sp. (Tiphiinae). Figs 14.49-14.51. Methocha sp. (Methochinae); 14.49, male metasoma, 
ventral view; 14.50, scape; 14.51, male hind coxa. Fig. 14.52. Tergite I of metasoma, Paratiphia (Tiphiinae). 


Quemaya**. Males of two or more species of 
Quemaya are sometimes very common in the sea- 
sonally dry parts of northwestern Costa Rica. 
Species of this genus are very tiny wasps (body 
length 2.8 to 3.5 mm), black in colour, and not spe- 
cialized for nocturnal activity. The presumably 
wingless females have not been found yet. Large 
numbers of one species have been collected in a 
Malaise trap operating in open woodland adjacent 
to the administrative area in Santa Rosa National 
Park during February and March—well into the dry 
season. 


METHOCHINAE 


This subfamily consists of only two genera, one of 
which, Karlissa, is restricted to Sri Lanka, whilst the 
other, Methocha, occurs throughout the world except 
for Australia (Kimsey, 1991b). 


Methocha. This genus is represented in Costa Rica 
by at least two species. It occurs from sea level to 
1300 m, and is quite common in banana and 
sugar-cane plantations. Males are winged and 
average 10.0 mm in length; females are wingless, 
somewhat smaller, ant-like, and are rarely collected. 
Biology: species of Methocha are parasitoids of cicin- 
delid beetle larvae and may attack arboreal species 
as well as terrestrial ones. In some instances the 
female allows herself to be seized by the cicindelid 
larva, whereupon she quickly stings the host in the 
thorax (Williams, 1919b). If the host escapes from 
the burrow it is stung again and dragged back into 
the burrow (Iwata, 1936). Some reports suggest 
that paralysis is permanent (Williams, 1919b), 
while others have observed that it is temporary 
(Iwata, 1936). 


MYZININAE 

This subfamily consists of 12 genera worldwide, ten in 
the Old World and two in the New World. Both sexes 
are large wasps (8.0 to 20.0 mm in length) and, in the 
New World, fully winged. Males tend to be slender and 
elongate with straight antennae; females of Myzinum 
are heavy-bodied, with coiled antennae, whereas 
females of Pterombrus are quite similar to males. 


Myzinum. A New World genus with four described 
species in Costa Rica. Species of Myzinum have been 
taken at sites from sea-level up to about 1500 


metres; they are apparently most commonly 
encountered in rather open, second growth areas 
(e.g. coffee plantations in the Central Valley). 
Biology: Myzinum species are parasitoids of 
scarabaeid larvae. 


Pterombrus. A New World genus with at least four 
species in Costa Rica (sea-level to 1600 metres). 
Two species were described by Krombein and Evans 
(1976), who also described the larva of one. 
Biology: Pterombrus species attack cicindelid larvae. 
In Costa Rica P. piceus has been observed attacking 
larvae of Pseudoxychila tarsalis, which burrow in 
vertical banks at intermediate elevations around 
1200 metres (Palmer, 1976; in Janzen, 1983). 
Although they are strong fliers the female wasps 
search for hosts while walking over the ground. 
When a larval burrow of a tiger beetle is located the 
wasp usually waits for the larva to retreat into 
the burrow before entering it. Once inside she stings 
the cicindelid, positions it ventral side up, oviposits 
on the venter of the abdomen, exits from the 
burrow and finally closes the burrow with soil. The 
host has three larval instars, but the tiphiid prefers 
the second. Interestingly, the wasps appear to show 
no interest in cicindelid larvae removed from their 
burrows. The egg hatches in five days, larval devel- 
opment requires 8 to 13 days, another 25 days are 
passed in the prepupal stage and 20 days in the 
pupal stage. 


THYNNINAE 


This subfamily shows a typical transantarctic distribu- 
tion, with 36 genera in Australia, and 23 in South 
America—most of which are confined to the more 
temperate southern part of the continent (Genise & 
Kimsey, 1991; Kimsey 1991c). The South American 
fauna consists of three tribes; the genus Aelurus, 
which is the only New World genus belonging to the 
tribe Rhagigasterini, is the only genus that extends as 
far north as Central America (Kimsey, 1992c). 


Aelurus. This New World genus comprises 13 
species, of which only A. septentrionalis occurs in 
Costa Rica, achieving the northernmost distribution 
of the subfamily (Kimsey, 1991a). This species 
belongs to a species-group that occurs along the 
Andes, from northern Argentina to Colombia, and 
in the highlands of Costa Rica and Panama. In 


Costa Rica A. septentrionalis has been collected at 
several humid forest sites (Monteverde, Pitilla, 
Volcan Cacao, Zurqui de Moravia and Las Alturas) 
at altitudes between 700 and 1600 metres and 
between March and July. Biology: although nothing 
is known about the biology of any Aelurus species, it 
is probably similar to other genera in the subfamily, 
which attack scarab beetle larvae. Females are 
wingless whereas males are strong fliers and carry 
females in phoretic copulation (Lloyd, 1952; Alcock, 
1981; Toro & Carvajal, 1989). Receptive females 
crawl up on vegetation and call the patrolling males 
by releasing a pheromone; the male removes the 
female with very little preliminary courtship but 
often carries her to flowers where she can feed 
while they remain coupled. After mating the female 
is dropped to the ground. Males of a species in Chile 
have been reported to form ‘sleeping’ aggregations 
in the soil or on foliage (Janvier, 1933). 


TIPHUNAE 


This subfamily comprises ten genera, three of which 
are restricted to the Old World, two (Krombeinia and 
Neotiphia) to the Nearctic and two (Mallochia and 
Megatiphia) to South America (Kimsey, 1993c). Three 
genera have been found to occur in Costa Rica, the 
neotropical Epomidopteron, the holarctic Paratiphia, 
and the cosmopolitan Tiphia. All tiphiines are pre- 
sumed to be parasitoids of soil-dwelling scarab beetle 
larvae. 


Epomidopteron. This is a rarely collected, mono- 
typic genus, represented by E. julii, which is known 
to occur from the southwestern United States to 
Brazil (H.W. Allen, 1972). In Costa Rica this species 
has been collected in forests between about 600 and 
700 metres around Volcan Orosi, in Guanacaste 
Province. 


Paratiphia. A holarctic genus represented in Costa 
Rica by one or two species. 


Tiphia. A cosmopolitan genus represented in Costa 
Rica by at least five species. Several may be very 
common, and in the late wet season— 
September/October—species of this genus are one of 
the most abundant non-social aculeates collected in 
Malaise traps in Santa Rosa National Park. In Costa 
Rica, Tiphia species have been collected from sea- 


level up to 2800 metres on Cerro de la Muerte. The 
South American species of this genus were mono- 
graphed by Harry W. Allen (1972). This author has 
also reviewed the Panamanian (Allen, 1964), West 
Indian (Allen, 1970) and North American species 
(Allen, 1966, 1971). Biology: Tiphia species are 
ectoparasitoids of the larvae of soil-dwelling 
scarabaeids and the biology of a number of species 
have been investigated by Clausen and co-workers 
(e.g. Clausen et al., 1932; see Clausen, 1940b). 


Marius S. Wasbauer 


Diagnosis. Size: small to very large wasps (fore 
wing length 2.0 to 50.0 mm in Costa Rican species); 
black, bluish black, reddish brown, black with yellow 
spots or yellow with black and/or red markings. 
Antennae filiform or occasionally somewhat serrate, 
12-segmented (often curled in preserved specimens) in 
females, 13-segmented (rarely twelve) in males; com- 
pound eyes with inner margins straight or somewhat 
emarginate, never notched; mandible with one or two 
teeth in addition to the apical cusp; maxillary palpi 6- 
segmented, labial palpi 4-segmented. Mesosoma 
usually unmodified, occasionally laterally compressed 
or elongate; pronotum hinged to mesothorax, its sides 
extending posteriorly to touch the tegulae, mesepisternum 
with a transverse suture (Figs 14.62-14.65); metapleu- 
ron transverse, often with anteroventral pit. Legs long, 
hind femora usually reaching or exceeding tip of 
metasoma; fore tibia with single calcar, mid and hind 
tibia with two apical spurs, those of hind tibia 
modified as calcaria; interior surface of hind tibia with 
a longitudinal brush of appressed hairs, tarsi with 
plantulae. Fully winged, except females brachypterous 
or apterous in a few extralimital forms. Fore wing with 
10 or rarely 9 enclosed cells; hind wing with 3. 
Metasoma rarely petiolate, with six (females) or seven 
(males) visible sternites, female sternite VI envelops 
ovipositor above, male sternite VI with a pair of scler- 
otized hooks posteriorly, sternite VII reduced, internal, 
bearing cerci. Females with a potent sting. 


Classification and distribution. The Pompilidae 
are worldwide in distribution and form a rich compo- 
nent of the aculeate wasp fauna of tropical countries. 


Fig. 14.53. Pepsis sp. (Pompilidae). 


Subtropical areas, including arid zones, also have a 
rich pompilid fauna, but the group is less species-rich 
in the cooler temperate regions. Costa Rica, with 
about 230 species, has almost 80 per cent as many 
taxa as are known to occur in America north of 
Mexico (289 spp.) and approximately six times the 
number of pompilid species that occur in Britain (Day, 
1988), a cool temperate country with nearly five 
times the surface area. 

Worldwide the Pompilidae consists of about 5000 
species classified in approximately 120 genera. 
However, there has been no inclusive work treating 
the classification of the Pompilidae on a world basis 
and much synonymy exists in the family both at the 
generic and infrageneric levels. The family is divided 
unequally into four subfamilies, the Pompilinae, 
Pepsinae, Ceropalinae and Notocyphinae. The first two 
of these, the Pepsinae and Pompilinae, are cosmopoli- 


tan and comprise the great majority of species. The 
Ceropalinae consists of two closely related genera of 
cleptoparasitic species which occur in all zoogeo- 
graphic regions. The Notocyphinae, also containing 
two genera, consists of species occurring in austral 
North, Central and South America and the Oriental 
region. All four subfamilies are represented in 
Costa Rica. 


Biology. Pompilids are commonly collected in most 
habitats throughout Costa Rica, although relatively 
few individuals have been taken in the high altitude 
sites on the Cerro de la Muerte. They are rapid flyers 
when in the air and fast runners on the ground, 
relying on long legs to carry them through the vegeta- 
tion. Some are quite fugitive, refusing to fly up into a 
net when it is placed over them, taking refuge in a 
crevice or crack or hiding under leaves or debris and 
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then flying away when the net is removed. When 
searching for spiders, females may fly for short dis- 
tances, but they usually spend most of their time 
running quickly over the ground, constantly flicking 
their wings (a field diagnostic feature for the family). 
Biologically the Pompilidae, or spider wasps as they 
are colloquially known, are rather uniform in that: 


all species utilize spiders exclusively as prey; 

ail species provision a single spider per cell, in con- 
trast with most spider-hunting sphecid wasps (see 
Chapter 17); 

c) all species lay a single egg on or in the abdomen of 
the spider. 


o EB 
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These three biological canons impose an unusual 
degree of uniformity on the life histories of spider 
wasps, but within this framework, considerable diver- 
sity exists. Some pompilids develop in much the same 
way as idiobiont parasitoids. The females hunt for 
spiders, such as species of Ctenizidae, that live in 
burrows. The wasp simply stings and paralyses the 
spider, oviposits, then closes the burrow and departs. 
However, most pompilids search for free living spiders 
and, after locating, stinging and paralysing one the 
female spider wasp carries it to some secluded place 
before interring it and ovipositing. The place of con- 


Suborder Orthognatha (The mygalomorphs) 
Ctenizidae 
Theraphosidae 


Aporus; Pepsis; Psorthaspis. 
Hemipepsis; Notocyphus; Pepsis. 


Suborder Labidognatha 
Acanthoctenidae Priocnemella 
Agelenidae 
Amaurobiidae 
Anyphaenidae 
Araneidae 
Clubionidae 
Ctenidae 
Dictynidae 
Gnaphosidae 
Heteropodidae 
Lycosidae 
Oxyopidae 
Philodromidae 
Pisauridae 
Salticidae 
Thomisidae 


Anoplius. 
Auplopus; Sericopompilus. 


Auplopus 
Cryptocheilus 
Auplopus 


Anoplius; Auplopus; Sericopompilus. 
Auplopus; Tachypompilus. 


Table 14.1. 
the New World. 


cealment may be little more than a pre-existing 
crevice, but many species excavate burrows in the 
ground and some, such as Auplopus species, construct 
elaborate mud nests. A few pompilids, such as species 
of Notocyphus and Old World Homonotus, develop as 
koinobiont ectoparasitoids; they temporarily paralyse 
the host and oviposit on its abdomen. The spider then 
recovers and lives normally until the wasp larva even- 
tually kills it. This way of life is very similar to that in 
Polysphincta and related genera in the pimpline 
Ichneumonidae (Kaston, 1959; Gauld, 1991). Finally, 
as is the case with most groups of nest provisioning 
aculeates, a few spider wasps such as Evagetes and 
Ceropales are cleptoparasites of other pompilids. 
Worldwide, the range of spiders attacked by pom- 
pilids is very broad encompassing all the mygalo- 
morph families and about half of the families of the 
Labidognatha (see Table 14.1 for New World records). 
Two striking absences from this host-list are the 
Linyphiidae, a large family of physically small spiders 
and the Theridiidae—spiders that spin complex three- 
dimensional webs. Similar patterns of spider exploita- 
tion have been observed in Britain (Day, 1988). At 
the generic level pompilids seem either to specialize in 
attacking spiders of the mygalomorph or errant 
labidognath families. Although there are a few records 
of more generalist genera, such as Sericopompilus, 


Ageniella; Anoplius; Cryptocheilus; Priocnessus. 


Agenioideus; Anoplius; Caliadurgus; Episyron; Poecilopompilus; Sericopompilus. 

Ageniella; Anoplius; Auplopus; Dipogon; Priocnemis. 

Ageniella; Anoplius; Dipogon; Cryptocheilus; Priocnemis. 

Ageniella; Anoplius; Cryptocheilus; Entypus; Minagenia; Paracyphononyx; Priocnemis; Tachypompilus. 


Ageniella; Aporinellus; Priocnemis; Sericopompilus. 


Ageniella; Anoplius; Aporinellus; Auplopus; Priocnemis; Sericopompilus. 
Ageniella; Aporinellus; Auplopus; Dipogon; Sericopompilus. 


Families of spiders and the genera of pompilids (present in Costa Rica) known to attack them in 


attacking orb-web spiders, these araneids are particu- 
larly exploited by species of one or two specialist 
genera such as Episyron and Caliadurgus. 

At the species level some pompilid species are 
rather generalized hunters, utilizing a number of 
genera or even families of spiders, while others are 
much more restrictive in their prey selection. For 
example, in the eastern United States Anoplius 
(Arachnophroctonus) marginatus is known to provision 
with at least 22 species of spiders belonging to seven 
different families (Evans & Yoshimoto, 1962). On the 
other hand, Anoplius (Anoplius) imbellis, a species wide- 
spread from Alaska to Costa Rica is known to provi- 
sion with spiders in only three genera of Lycosidae, 
perhaps because it hunts only in areas of heavy soil 
next to bodies of still or slow moving water 
(Wasbauer, 1957, 1983). More details of provisioning 
and nesting behaviour are given below in the subfam- 
ily, tribal and generic accounts. 

The larvae of Pompilidae are rather typical apodous 
mandibulate aculeate larvae. They are little studied, 
but the available information indicates that the vesti- 
gial second thoracic spiracles, distinct antennal papil- 
lae and somewhat trilobate clypeus together will 
separate most larvae from those of other families. 
More details of larval morphology are given by Evans 
(1987a). The pupal stage is passed within a brownish 
silken cocoon, which internally has a parchment-like 
quality. 

Very little information is available on the mating 
behaviour of Pompilidae. The smaller males usually 
emerge before the females and spend much of their 
time flying low over the ground or vegetation looking 
for mates. They spend a much greater proportion of 
their time in flight than do the females and probably 
for this reason are much more frequently taken in 
flight interception traps. In many ground nesting 
Pompilidae, courtship and mating occur on the 
nesting site (Wasbauer, 1955, 1957; Shimizu, 1989). 
Alcock (1978, 1984) observed that males of 
Hemipepsis ustulata exhibit territoriality by defending 
their perch sites in the tops of palo verde trees on 
ridge tops in the Sonoran Desert of Arizona. Each 
male selects an area and vigorously defends it against 
other conspecific males while waiting for a receptive 
female to enter the territory. It may be that in certain 
species with polymorphic males, more than one 
mating strategy is in effect. Day (1984) suggests that 
in certain Cryptocheilus species, males of one morph 


may enter the ground to mate with newly emerging 
females and those of another position themselves 
above ground and wait for emerging females to reach 
the surface. 

Adult feeding habits of pompilids are not documented 
for many species, but studies suggest that nectar from 
flowers is an important source of food (Krombein in 
Krombein et al., 1979; Wasbauer & Kimsey, 1985). 
Most appear to visit a wide variety of flowers but species 
of Pepsis appear to prefer milkweed flowers (Asclepias). 
Some species of Pepsis have elongate mouthparts which 
might aid in securing nectar from the milkweed and 
other plants. Other genera of pompilids with elongate 
mouthparts such as Notocyphus, have a number of 
flower records for some of the species (Townes, 1957) 
but a definite correlation with nectar feeding from 
tubular flowers has not been established. There are also 
a few records of pompilids feeding from extrafloral nec- 
taries and on plant and insect produced honeydew. The 
author has seen adults of a species of Aporinellus feeding 
on a peanut brittle candy in open stalls in Mexico. In 
addition to sugary substances, the females of some 
species also imbibe haemolymph oozing from captured 
spiders. For example, Anoplius (Notiochares) lepidus is a 
frequent flower visitor and also captures spiders 
specifically to feed on them (Evans & Yoshimoto, 1962), 
On the other hand, A. (Arachnophroctonus) apiculatus 
feeds not at flowers at all but only on haemolymph of 
captured spiders. In Costa Rica, Auplopus semialatus also 
imbibes haemolymph from captured spiders (W. 
Eberhard, pers. comm.). The same may be true of the 
tribe Ageniellini in which the females often amputate 
the spider’s legs before prey transport. There do not 
appear to have been any attempts to synthesize the liter- 
ature on adult feeding and to relate it to other aspects of 
biology (e.g. a possible correlation between host-feeding 
and synovigenesis; see Chapter 2.5). 

As is true of most of the groups of Hymenoptera in 
the tropics, little is known about the biology of Costa 
Rican Pompilidae (but see Wcislo et al., 1988). The 
reader is referred to the summaries provided by Olberg 
(1959) for the European species and Evans and 
Yoshimoto (1962) for the northeastern United States 
species. Evans (1953) and Iwata (1976) have pro- 
vided evolutionary perspectives on the ethology of 
spider wasps. 


Identification. The Mexican and Central American 
species of the subfamily Pompilinae were revised by 


ci cipio 


Evans (1966e, 1968a) and the Pompilinae of 
California were reviewed by Wasbauer and Kimsey 
(1985). The nearctic species of Pepsinae and 
Ceropalinae were revised by Townes (1957), but 
other than a key to the genera of neotropical 
Ageniellini (Evans, 1973b), no keys are available for 
Central American representatives of these two sub- 
families. 


Key to subfamilies and tribes of Pompilidae 
present in Costa Rica 


1 Apex of hind tibia with auxiliary spines of 
unequal length, irregularly spaced and some- 

what radiating or splayed out (Fig. 14.54); 

fore wing with 2nd discal cell usually pro- 
duced into a pocket at its posterobasal corner 
(Fig.14.57); sternite II without a well defined 
transverse groove; female labrum at least par- 

tially hidden beneath clypeus (Fig. 14.59). ..... 

RA ere (Bompilinde) eee 2 

— Apex of hind tibia with spines (if present) of rather 
uniform length and spacing, more or less paral- 

lel and not splayed out (Fig. 14.55); fore wing 

with 2nd discal cell not produced into a pocket 

at its posterobasal corner (Fig. 14.58); either 

with sternite II with a well defined transverse 
groove (Fig. 14.71) or female labrum fully 


exposed! (Figs 14:607 14:6 T): 5 esee 5) 
OR TET A TIE CS ie peep eain eee B 
Pe MUSEUM spre NET en eee 4 


3 Pronotum with collar not well differentiated from 
disc, streptaulus absent medially and collar on 
nearly same plane as disc, or if on lower 
plane, streptaulus absent altogether 
(Fig. 14.63); pronotum longer than mesoscu- 
tum in most genera; eyes sometimes covered 
WIUHMSHONUMTAINS: oorr eec eene Aporini 

— Pronotum with collar separated from disc by a 
complete streptaulus, disc sloping upward 
strongly from collar (Fig. 14.62); pronotum 
not longer than mesoscutum along the 
midline; eyes never hairy. ............. Pompilini 


4 Fore wing with two submarginal cells, or if with 
three then the pronotum is nearly as long as 
mesoscutum; propodeum without sharp 
conical processes posterolaterally. ..... Aporini 


— Pronotum considerably shorter than mesoscu- 
tum; fore wing with three submarginal cells 
(Fig. 14.47), or if with two, propodeum with 


sharp. conical processes  posterolaterally 
(Bia GD) o oO oi) Pompilini 


5 Female labrum at least partially hidden beneath 
clypeus; sternite II usually with a well devel- 
oped transverse groove (Fig. 14.71) (absent in 
some males); hind tibia often with raised teeth 
(Fig. 14.56); hypopygium of female usually 
more or less circular in cross section (laterally 
compressed in Minagenia); fore wing with 
3rs-m usually straight or evenly arcuate 
(Fig MASS). oireen, (Bepsinae) oer oa 6 

— Female labrum fully exposed (Fig. 14.60, 14.61); 
sternite II without a transverse groove; hind 
tibia smooth (Fig. 14.55); hypopygium of 
female laterally compressed (Figs 14.66-67); 
fore wing with 3rs-m angled at middle or 
SOME Waste 7 


6 Tergite I, in dorsal view, with the sides evenly 
convergent anteriorly or slightly convex (Fig. 
14.69), in lateral view with a suture delimit- 
ing a laterotergite; male genitalia with para- 
penial lobe not decurved at apex (Fig. 14.68). 
DM E Pepsini 

—  Tergite I, in dorsal view, with the sides some- 
what concave, giving it a somewhat petiolate 
appearance (Fig. 14.70), in lateral view 
without a suture delimiting a laterotergite; 
male genitalia with parapenial lobe slender, 
GECHEVER taper ara rer Ageniellini 


7 Fore wing with pterostigma very small, about 
2.5 times as long as wide; hind wing with cu-a 
meeting Cul at or distal to point of divergence 
of M and Cul (Fig. 14.72); pronotum with 
definite dorsal surface, separated from anterior 
surface by distinct angulation (Fig. 15.64); 
inner margins of compound eyes nearly paral- 
lel (Fig. 14.61), at most slightly sinuate; sting 
dC testes Notocyphinae 

— Fore wing with pterostigma at least 3.5 times as 
long as wide; hind wing with cu-a meeting 
M+Cul proximal to point of divergence of M 
and Cul (Fig. 14.73); pronotum strap-shaped, 
dorsal surface very short, not usually sepa- 


61 59 er he 


Figs 14.54-14.64. Pompilidae. Fig. 14.54-14.56. Hind tibia; 14.54, Psorthaspis sp. (Pompilinae); 14.55, Notocyphus sp. 
(Notocyphinae); 14.56, Priocnemis sp. (Pepsinae). Figs 14.57—14.58. Fore wings; 14.57, Pompilus sp. (Pompilinae); 14.58, 
Ageniella sp. (Pepsinae). Figs 14.59-14.61. Face. 14.59, Pompilus sp. (Pompilinae); 14.60, Ceropales sp. (Ceropalinae); 14.61, 
Notocyphus sp. (Notocyphinae). Figs 14.62-14.64. Mesosoma, lateral; 14.62, Aporinellus sp. (Pompilinae); 14.63, Psorthaspis sp. 


(Pompilinae); 14.64, Notocyphus sp. (Notocyphinae). 


PARAPENIAL 
LOBE 


68 


Figs 14.65-14.73. Pompilidae. Fig. 14.65. Mesosoma, lateral, Ceropales sp. (Ceropalinae). Figs 14.66-14.67. Subgenital plate 
of female Ceropales sp. (Ceropalinae). Fig. 14.68. Male genitalia, Pepsini. Figs 14.69-14.70. Tergite I, dorsal; 14.69, Calliadurgus 
(Pepsinae); 14.70, Ageniella sp. (Pepsinae). Fig. 14.71. Metasoma, lateral, Ageniella sp. (Pepsinae). Figs 14.72-14.73. Hind 
wings; 14.72, Notocyphus sp. (Notocyphinae); 14.73, Ceropales sp. (Ceropalinae). 


rated from anterior surface by an angulation 
(Fig. 14.65); inner margins of compound eyes 
strongly diverging dorsally (Fig. 14.60), emar- 
ginate or strongly sinuate; sting straight. ....... 
EE A Ceropalinae 


Synopsis of the Costa Rican fauna 


The classification presented here differs somewhat 
from that of Townes (1957), who included in the 
Ceropalinae groups as diverse as Notocyphus and 
Minagenia. Perhaps when good cladistic studies are 
available, a sound higher classification will emerge, 
but for the present, I have accorded Notocyphus and 
Minotocyphus subfamily status and placed Minagenia in 
the Pepsinae on the basis of its similarity to 
Caliadurgus and Priocnemis. This arrangement results 
in four subfamilies and will accommodate the New 
World fauna, but may not be satisfactory for other 
zoogeographic regions. 

In Costa Rica, all four subfamilies are present and 
the family is represented by a total of 34 genera and 
about 250 species. 


PEPSINAE 


This subfamily is represented in Costa Rica by the two 
tribes Pepsini and Ageniellini. 


PEPSINAE: Pepsini. This cosmopolitan tribe includes 
genera of both temperate and tropical affinities. Nine 
genera are known to occur in Costa Rica. With 
respect to biology, Pepsini includes more generalized 
species than any other group of pompilids. Females of 
some genera attack mygalomorph spiders in the fam- 
ilies Theraphosidae and Ctenizidae and inter them in 
their own burrows. What little is known of Minagenia 
indicates that the female wasp searches out an 
errant (non-sedentary) spider, paralyses it, deposits 
an egg on the side of the abdomen and flies off 
without attempting to bury it. The effects of the sting 
are temporary and the spider recovers, continuing to 
feed until it is eventually killed by the developing 
wasp larva. In the genus Priocnemis, some species 
construct multicellular nests in the ground 
(Yoshimoto, 1954) which are provisioned with a 
range of labidognath spiders. Members of one genus, 
Dipogon, nest in hollow plant stems or in holes in 
wood and make a linear series of cells. 


Caliadurgus (= Calicurgus). A neotropical and orien- 
tal genus, with a single holarctic species, that is most 
species-rich in tropical America where it comprises a 
rather homogeneous group of small to medium sized 
spider wasps. Ten species, all unidentified, have been 
found in Costa Rica. Females are uniformly black or 
black with a red or partially red metasoma, and males 
have a black head and body that is sometimes vari- 
ously marked with yellow or white; wings banded in 
both sexes, less strongly so in the males. The females 
may be distinguished from those of the related 
Priocnemis by the dorsally strongly convergent com- 
pound eyes and the presence of a stout curved spine 
at the apex of the fore tibia; the males by the very 
short pronotum with a vertical or frontward sloping 
anterior face. The argentine species were revised by 
Roig Alsina (1982). Biology: the South American 
species, C. gayi, constructs a short burrow with a 
single terminal cell, and provisions it with an orb-web 
spider (Claude-Joseph, 1930). Similar observations 
have been made on the holarctic species, which also 
provisions with Araneidae (Day, 1988). 


Cryptocheilus. A large cosmopolitan genus that is 
most species-rich in the Old World, where many 
species are handsomely patterned with integumental 
spots of contrasting colours. The six nearctic species 
are uniformly black with either black or reddish 
wings, but the two un-named species found in Costa 
Rica resemble the Old World forms in that they 
exhibit similar integumental colour patterns and 
males show structural polymorphism like that in 
several european species. Biology: european species 
have been recorded provisioning with species of 
Agelenidae, Dictynidae and, less commonly, 
Gnaphosidae and Lycosidae (Day, 1988), but the 
prey of North American species appears to be princi- 
pally Lycosidae (Krombein in Krombein et al., 1979). 


Dipogon. A cosmopolitan genus, occurring in every 
zoogeographic region except possibly Australia. 
There are two subgenera and five species in 
Costa Rica: Dipogon (Deuteragenia) aztecus, D. 
(Deuteragenia) calipterus nubifer, an undescribed 
species of Deuteragenia and two undetermined 
species in the nominate subgenus. Dipogon are small 
to moderate-sized species that are easily recognized 
by the three-toothed mandible, which is rare in 
Pompilidae, and by the fascicle of long curved hairs 


that arises from each maxillary cardo, nearly attain- 
ing the base of the mandible of the females. The 
males are distinctive in their short, crenulate anten- 
nae and their prolonged subgenital plate (viewed in 
profile). Females and usually males of all species 
have banded wings. Evans (1974) has reviewed the 
Mexican and Central American species. Biology: In 
California D. (Deuteragenia) calipterus nubifer was 
found nesting in the hollow stems of herbaceous 
plants, where the females apparently spend the 
night. Gnaphosid, thomisid and clubionid spiders 
were transported by the wasp walking backwards 
and dragging the spider by the spinnerets. The 
number of nest cells varied from three to five 
(Williams, 1966). Many temperate species of this 
genus are commonly found constructing nests in 
pre-existing tunnels in wood or even holes in walls. 


Entypus (= Priocnemioides). A widespread New 
World genus with only one species found in Costa 
Rica, but another widespread South American 
species, E. urichi, has been reported to occur as far 
north as Chiriqui in Panama. The body colour of all 
species is black and the wings and antennae may be 
orange or black. Biology: host records are known 
for about half of the seven nearctic species and all 
are species of Lycosa (Lycosidae) (Krombein in 
Krombein et al., 1979). 


Hemipepsis. Large, brightly coloured wasps found 
in both the Asian and African tropics, and in the 
New World. The Old World fauna is rich in species, 
whereas the New World has only a few species in 
the southwestern United States and Central 
America. Three or four species of Hemipepsis occur 
in Costa Rica, all of which are black with red or 
brown wings. One, H. mexicana, is reported to occur 
from the Big Bend country of Texas south to 
Panama (Townes, 1957). Biology: Hemipepsis species 
attack mygalomorph spiders (Theraphosidae). 


Minagenia. Relatively small, dark wasps, that are 
one of the most abundant groups of Pompilidae in 
the tropical rainforests. There are 12 species in Costa 
Rica, none of which have been determined. Until 
recently Minagenia was placed in the Ceropalinae, 
mainly on the basis of the laterally compressed 
pygidial area of the female. However, most morpho- 
logical characteristics align it with Priocnemis and 


Caliadurgus. The flattened female pygidium and the 
lack of hair and spines is probably associated with 
the search for and capture of spiders in cryptic situa- 
tions. Biology: the nearctic species, Minagenia osoria, 
has been reared from immature Lycosidae, with eggs 
and larvae found on the base of the abdomen of 
several other lycosids (Kaston, 1959). It is assumed 
from this that the female seeks out an errant spider 
in its retreat (although it should be noted most 


. lycosids have no retreat) and paralyses it, oviposits 


and simply leaves to repeat the process without 
building a nest or transporting the prey. The paraly- 
sis is temporary and the spider recovers to carry on 
its normal activities until it is killed by the developing 
pompilid larva, which spins its cocoon under bark or 
wherever the spider succumbs. 


Pepsis. The ‘tarantula hawks’ are restricted to the 
New World and are most diverse in tropical habi- 
tats. Eighteen species are presently known from 
Costa Rica (C. Vardy, pers. comm.): aquila, atalanta, 
basifusca, cassiope, festiva, grossa, ianthina, lepida, 
menechma, mexicana, mildei, montezuma, optimus, 
sommeri, terminata, tricuspidata, vitripennis and xan- 
thocera. Keys to species are currently being prepared 
by C. Vardy. Pepsis species are among the largest 
wasps known and are brightly hued with black 
bodies often rendered brilliant blue, green, purple or 
golden by the appressed pubescence and wings 
which can be fiery red, black, metallic green, purple 
or sometimes clear. Biology: species of Pepsis prey 
on mygalomorph spiders, particularly those of 
the genera Aphonopelma | and Cyrtopholis 
(Theraphosidae) and less commonly on trapdoor 
spiders (Ctenizidae). Pepsis thisbe, a species which 
occurs in Costa Rica, has been studied in California 
(Williams, 1956). In artificial study chambers, this 
wasp attacked a species of Aphonopelma, dug a 
burrow with a terminal cell in friable soil and 
dragged the spider inside. The wasp abrades the side 
of the spider's abdomen with the fore legs presum- 
ably to remove the hair before depositing an elon- 
gate, slightly curved egg. Some species of Pepsis 
inter the paralysed spider in its own burrow 
(Passmore, 1936). 


Priocnemis. Small to moderate sized wasps char- 
acterized by the presence of teeth on the hind tibia 
of the female and, in certain forms (subgenus 


Umbripennis), of the males as well. Nearly all the 
species are black bodied sometimes with the meta- 
soma and rarely the mesosoma red. The wings are 
most often lightly infuscate, darker at the tips, 
often banded, especially in the females. With the 
removal of the neotropical subgenus Sphictostethus 
(Roig Alsina, 1987), the genus is mostly holarctic 
and oriental with a few Australian and African 
species. The species occurring in the Neotropics 
are largely extensions of northern elements. There 
are 14 species in North America, and one of the 
most common of these, P. (Priocnemis) cornica, 
extends south to Costa Rica where it is rarely 
encountered. The female of this species often has a 
red metasoma in Mexican individuals and in the 
three specimens found to date in Costa Rica. 
Biology: P. cornica hunts among stones and clods 
on open soil as well as among debris and low vege- 
tation. When she catches her prey she stings it 
several times anywhere on the body and when it is 
immobile, she stings it more slowly on the ventral 
side of the cephalothorax (Evans and Yoshimoto, 
1962). The host range encompasses 18 species of 
spiders in five families—Clubionidae, Gnaphosidae, 
Lycosidae, Oxyopidae and Salticidae. Females 
transporting their spider commonly hide it tem- 
porarily while searching for a place to build a nest. 
The nest is usually excavated in a pre-existing 
cavity, such as a rodent burrow. From the side of 
this cavity a short burrow is constructed, termi- 
nating in a single cell. The complete life cycle 
requires three weeks and there are several genera- 
tions per year. 


Priocnessus. A New World genus, consisting of 
medium sized to moderately large species with 
black, reddish brown or yellow bodies, often with 
spots or stripes of contrasting integumental colour 
and/or silver or gold pubescent markings. The 
majority of Priocnessus species occur in Central 
America, although six are present in the United 
States. Dreisbach (1960, 1961) described some 
Central American species and provided keys, but 
many species remain unrecognizable. Seven species 
have been recorded in Costa Rica: flavidus, hurdi, 
ornamentatus and four undetermined species. 
Biology: one North American species hunts 
Agelenopsis species (Agelenidae) (Krombein in 
Krombein et al., 1979). 


PEPSINAE: Ageniellini. This tribe is cosmopolitan in 
distribution. The greatest species diversity is in the 
tropics. Four genera are known to occur in Costa 
Rica, but a fifth is present in Panama and parts of 
tropical South America, and may occur north into 
Costa Rica. Female ageniellines characteristically 
transport their spider prey by walking forward carry- 
ing the prey under their body. Associated with this 
manner of transport is the tendency of the female to 
amputate the legs of the spider at the coxae. One 
group of genera including the North American 
Phanagenia and the widespread Auplopus contain 
species which construct simple to elaborate, single to 
multicelled mud nests. In some cases, nesting is gre- 
garious and females guard the entrance to the nest. 
Females of naumanni, the single known species of 
Dimorphagenia, apparently construct mud cells inside 
the nests of a vespid, Agelaia sp. Males of naumanni are 
macrocephalic (Evans, 1973b). For some speciose 
genera, surprisingly little is known about the biology, 
and no biological information exists for some more 
recently described neotropical genera, such as 
Mystacagenia and Atopagenia. 


Ageniella. A large New World genus divided into 
seven subgenera (Evans, 1973b). It is the largest 
genus of Pompilidae present Costa Rica where it is 
represented by about 50 species belonging to five 
subgenera. In addition, there is another segregate 
of subgeneric rank that apparently is unnamed. 
Ageniella females are recognizable by the lack of a 
stout curved spine at the apex of the front tibia, the 
presence on the mentum of not more than a few 
slender setae, the mandibles without basal hair 
tufts, labrum completely hidden and the apical 
tergite covered with bristles. Males can be separated 
from other ageniellines by the antennae usually 
being unicolorous (or if not, there is no contrasting 
colour band on the middle flagellar segments), the 
metapleural suture absent or at most faintly indi- 
cated and usually without yellow facial markings. 
Biology: in North America one or two species have 
been observed constructing burrows or nesting in 
pre-existing cavities (Krombein in Krombein et al., 
1979). Females seek out pre-formed depressions in 
the soil and begin their nests from these (Evans & 
Yoshimoto, 1962; Wasbauer & Leech, 1973; 
Kurczewski & Kurczewski, 1987). Prey consists of 


mainly Lycosidae but several other families of errant 
spiders are also used, including Clubionidae, 
Gnaphosidae, Oxyopidae, Salticidae and 
Thomisidae. A. anconis has been observed in 
Panama carrying a clubionid by the spinnerette, 
without amputating the spider’s legs (Kimsey, 
1980a). Evans (1973b) provided a key to the 
subgenera in the Neotropics; the Costa Rican 
subgenera are: 


Ageniella (Ageniella). A mainly nearctic sub- 
genus with a few neotropical species. There are 
eight species in Costa Rica including the wide- 
spread A. utilis. 


Ageniella (Alasagenia). Large, robust pompilids 
found only in the neotropical region. The two 
Costa Rican species have black bodies; the wings 
of one species are black, those of the other 
hyaline with a dark stripe along the costal 
margin. 


Ageniella (Ameragenia). This neotropical sub- 
genus occurs from Florida to Southern Chile. 
About 30 species have been recognized in Costa 
Rica. 


Ageniella (Nemagenia). A predominantly 
neotropical subgenus comprising moderate sized 
species that are entirely black or black with a red 
metasoma. The one described species, longula, is 
widely distributed, occurring from Kansas and 
Missouri south at least as far as Bolivia. It is 
known to provision its nests with lycosid spiders. 
The Costa Rican fauna consists of longula and one 
other possibly undescribed species. 


Ageniella (Priophanes). A nearctic and neotrop- 
ical subgenus with seven species in Costa Rica 
including arcuata, which extends as far north as 
50° in Canada. Aspects of the biology of this 
species have been documented by Evans and 
Yoshimoto (1962). 


Atopagenia. These are among the largest of all the 
agenielline wasps, rivalling the Asian Macromeris 
and approaching the size of a small Pepsis. There is 
a single species, menkei, occurring in southern Costa 
Rica and Panama. The body is black and the wings 


black with blue metallic reflection. The genus is 
unique in many morphological features and prob- 
ably represents an early evolutionary offshoot from 
the agenielline line. Biology unknown. 


Auplopus. A large, cosmopolitan genus that is par- 
ticularly species-rich in the tropics. Dreisbach 
(1963) recognized 81 species from America south 
of the United States, 56 of which were from Central 
America. Approximately 35 species occur in Costa 
Rica. Those treated by Dreisbach, together with 
those described from Panama (denoted by an aster- 
isk) but not yet confirmed as occurring in Costa 
Rica, include: abnormalis*, aeruginosus*, albifrons*, 
anthracinus*, argentinus*, callainus*, dietzi*, earinus*, 
exilis*, femurrubrus*, fuscus, gertschi*, grossus*, incog- 
nitus, lineatus*, magnus, marginalis, minus*, minuscu- 
lus*, nebulosus, niger, nigriculus*, olivarus*, opacus*, 
panamensis*, purpureus*, quartus, sapphirus, semiala- 
tus, shannoni*, splendens*, venetus*, villosus, violaceus* 
and zeteki*. Biology: Auplopus species construct mud 
nests. Sometimes several individuals build nests in 
close proximity to one another and the two pub- 
lished observations of neotropical species both indi- 
cate communal nesting. Kimsey (1980a) reported 
that in Panama a communal nest of A. esmeralda 
consisted of 95 mud cells in a palm frond base (mud 
was collected from a termite nest). Wcislo et al. 
(1988) described the nesting behaviour of the primi- 
tively social species, A. semialatus in Costa Rica. 
Two to eight females co-operatively built and main- 
tained mud nests. Cohabiting females were usually 
tolerant of one another and defended the nest 
against natural enemies, but they often became 
intensively competitive when a spider was brought 
to the nest. Auplopus species are known to attack a 
very wide range of spiders including, in Costa Rica, 
species of Anyphaenidae, Clubionidae, Ctenidae, 
Heteropodidae and Salticidae (Wcislo et al., 1988). 
In North America species of Philodromidae, 
Pisauridae and Thomisidae are also utilized 
(Krombein in Krombein et al., 1979). 


Mystacagenia**. A neotropical genus comprising 
four species (Evans, 1973b, 1980), one of which, 
elegantula, occurs in Panama. Mystacagenia is 
known only from the females. It is characterized by 
the tufts of long, pale, apically projecting setae at 
the base of the mandibles. The wings are banded in 


all known species and the body has a complex 
pattern with light and dark areas which is distinc- 
tive for each species. Because of the disruptive 
colour pattern, it is assumed that all species are 
forest dwellers. Biology: unknown, but Kimsey 
(1980a) reported M. elegantula collecting mud from 
a termite (Nasutitermes) nest. 


Priocnemella. A small predominantly neotropical 
genus one species of which has a range extending 
northwards into the southern United States. Seven 
species have been found in Costa Rica, rufothorax, 
tabascoensis and five undetermined species. They are 
small to moderate sized slender wasps that resemble 
Ageniella, but the females differ in having an out- 
wardly curved spine at the apex of the fore tibia. 
Males are often difficult to separate from those of 
Ageniella, but usually have the middle segments of 
the flagellum orange or yellow and the rest of the 
antenna black. Species vary in colour from black to 
red and black to black marked with yellow to 
orange-brown; some have areas of appressed golden 
pubescence. Wing colour can be orange, slightly 
yellowish or clear. The majority of species have 
banded wings. Biology: unknown, but P. rufothorax 
has been observed carrying acanthoctenid spiders, 
without amputating its legs (Kimsey, 1980a). 


POMPILINAE 
This subfamily is represented in Costa Rica by two 
tribes, Aporini and Pompilini. 


POMPILINAE: Aporini. A holarctic, neotropical and 
Australian tribe that includes both temperate and 
tropical species. Five genera occur in Costa Rica. 
Species of Aporini attack spiders, mostly Ctenizidae, 
found in concealed situations such as underground 
burrows. The spider is stung and left in its burrow 
after oviposition. 


Allaporus. A primarily nearctic genus consisting of 
small species that are black or black and red in colour 
with hyaline, banded or infuscate wings. One species, 
smithianus, extends as far south as Costa Rica. 


Aporus. A palaearctic, nearctic and neotropical 
genus with five subgenera in the New World; three 
are represented in Costa Rica by five taxa—(A.) con- 
color, (A.) idris comptus, (A.) notabilis notabilis, 


(Neoplaniceps) chiapanus, and (Notoplaniceps) innota- 
tus. They are small to medium sized wasps with 
dark wings and black integument, sometimes with 
yellow spots. One species, idris, is variegated with 
banded wings. Evans (1973a) provides keys to the 
South American taxa. Biology: the nesting behav- 
iour of a nearctic species, (Plectraporus) hirsutus, 
was described by Williams (1928). 


Epipompilus. A predominantly gondwanic genus 
that, in the New World, extends north to Florida. 
Eleven New World species were recognized by Evans 
(1961a, 1967), and four occur in Costa Rica: aztecus, 
delicatus, nigribasis and an undetermined species. 
Epipompilus is generally considered one of the most 
primitive groups of Pompilidae, but its exact place- 
ment is uncertain. Evans (1966e) included it in the 
Aporini but, because it has so many unique features, 
Bradley (1944) and later, Harris (1987) placed it in a 
distinct tribe. Biology: unknown for neotropical 
species, but Harris (1987) provided information about 
E. insularis in New Zealand. This species attacks 
retreat-building spiders in their retreats or occasion- 
ally in the open. The effects of the initial paralysis are 
very transitory and the spider recovers to resume its 
normal activities. Eclosion and larval development 
take place on the abdomen of the active spider. 


Euplaniceps. A rarely encountered and primarily 
South American group with one or two species 
extending north into Central America. Euplaniceps 
contains a number of described species and Bradley 
(1944) revised some. Other descriptions are scat- 
tered throughout the literature and the genus is in 
need of revision. E. ceres, known only from the 
female, occurs in Panama (Evans, 1966e), and a 
single specimen from Costa Rica may be the male of 
this species. Euplaniceps, like Allaporus, has the 
second submarginal cell receiving both 1m-cu and 
2m-cu. This feature distinguishes these two genera 
from the other Central American Aporini with two 
submarginal cells. 


Psorthaspis. A primarily mesoamerican genus 
with 13 species in Central America, nine further 
species in the southern United States (Bradley, 
1944) and one species confined to Colombia. Five 
species occur in Costa Rica: coelestis, connexa 
connexa, formosa, laevifrons and variegata variegata. 


Psorthaspis resembles Aporus, but the former has 
three submarginal cells and the female possesses a 
specialised clypeus. The males are characterized by 
short antennae and the low, excavated propodeum. 
Several Costa Rican species have areas of dense 
golden and white pubscence on the meso- and 
metasoma, thus resembling certain mutillids. 
Biology: a North American species, P. planata, 
attacks the ctenizid trapdoor spider, Bothriocyrtum 
californicum (Davidson, 1905). The female wasp 
attacks the spider in its burrow after prying open 
the trap door and lays an egg on the dorsal surface 
of the abdomen (Jenks, 1938). The wasp larva 
completes its development and pupates within the 
burrow. 


POMPILINAE: Pompilini. A large cosmopolitan tribe 
represented in Costa Rica by 13 genera. Worldwide, 
members of this tribe are primarily ground nesting 
wasps which excavate a burrow with a single 
enlarged terminal cell. Some species, including some 
Agenioideus and Priochilus, nest in pre-formed cavities. 
Females in the latter genus line their nests with large 
pieces of leaf or blades of grass (Williams, 1928). The 
majority of pompilines capture prey before building a 
nest. Species of Evagetes are cleptoparasites of other 
Pompilini. 


Agenioideus. A primarily holarctic genus with a 
few representatives in the oriental and neotropical 
regions. Three species occur in Costa Rica, the pri- 
marily nearctic species (Agenoideus) humilis and 
(Gymnochares) birkmanni, together with a species of 
the mainly South American subgenus Enbanksia, 
(E.) accoleus (Evans, 1965b). A fourth species, (E.) 
fumosus, occurs in Panama. Biology: humilis is fre- 
quently seen around buildings where it preys 
exclusively on orb-web spiders (Araneidae). Female 
wasps, which possess a tarsal rake, excavate short 
burrows, often in cracks and fissures in walls of 
buildings. After interment and oviposition, the 
female fills the burrow by raking loose material 
into it with her fore legs. Another widespread 
North and Central American species, birkmanni, has 
been recorded transporting gnaphosid spiders and 
sometimes flying with its prey. This species and 
those belonging to the subgenus Enbanksia proba- 
bly do not dig burrows since they lack a tarsal 
rake. 
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Anoplius. A very large and diverse cosmopolitan 
genus. Females are easily recognized by the pres- 
ence of stout bristles on the pygidium and the well 
developed pulvillar comb; males are characterized 
by the cleft tarsal claws. Anoplius is divided into a 
number of subgenera, four of which occur in Costa 
Rica. They are considered separately below: 


Anoplius (Anopliodes). A primarily neotropical 
subgenus with one species extending north in the 
eastern United States. Five species occur in Costa 
Rica: chiriqui (also known from Panama), parsonsi 
(Panama to Florida), varius (Peru to Costa Rica) 
and two unidentified species, one or both of 
which may be undescribed. Anopliodes are moder- 
ate sized wasps, black with dark wings; the males 
and sometimes the females have erect white hair 
on the propodeum. The marginal cell of the fore 
wing is long; males have a yellow stripe on the 
posterior border of the pronotum and are exten- 
sively patterned with whitish appressed pubes- 
cence. The distal fore tarsal segment of the male 
is slender and unmodified. 


Anoplius (Anoplius). A mainly holarctic sub- 
genus, but a few species are present in both the 
Old and New World tropics. The Costa Rican 
fauna includes three named species, fulgidus 
(Brazil and Peru through Central America and 
the Antilles to the southern United States), imbel- 
lis (Alaska to Costa Rica) and papago (southern 
United States to Costa Rica). In addition there are 
three unidentified species, some of which may be 
undescribed. Anoplius (Anoplius) species are mod- 
erate sized wasps, black or rarely blue in integu- 
mental colour. The wings vary from nearly 
hyaline to deeply infuscate, violaceous. Females 
lack a tarsal rake and the males have the distal 
segment of the fore tarsus asymmetrical, slightly 
to strongly lobed on the inner margin. Males 
often have dense hair brushes on some of the 
apical sterna. Biology: in Texas females of fulgidus 
hunt for Pirata species (Lycosidae) along slow- 
moving streams and during prey transport alight 
on the surface film of the water (Wasbauer, 
1955). In California, imbellis females hunt along 
the margins of still water and sometimes pursue 
their wolf spider prey over the surface film of the 
water and subdue them a considerable distance 


from shore, (Wasbauer, 1957). They use their 
wings when towing the paralysed spider over the 
water surface. Prey transport over land is in the 
usual manner, the wasp walking backward, 
grasping the spider by a posterior coxa and drag- 
ging it sideways. The prey is deposited near a 
twig or tuft of grass, or sometimes in the open, 
while the wasp searches for a suitable spot for 
burrow construction. Burrows are usually started 
from an existing depression, but sometimes from 
a flat surface. They are short, 1.0 to 3.5 cm in 
length, and terminate in an enlarged cell. 
Paralysis of the spider is temporary and the egg is 
placed vertically on the side of the abdomen. The 
wasp fills the burrow by scraping soil into it from 
around the entrance with the fore legs. The end 
of the metasoma is used to pound down the soil. 
Several genera of Lycosidae are used as prey 
(Wasbauer & Kimsey, 1985). 


Anoplius (Arachnophroctonus). A large and 
diverse subgenus found throughout the warmer 
regions of the world. Several species occur in 
South America and five have been found in Costa 
Rica: americanus ambiguus (widely distributed in 
North, Central and northern South America), chi- 
apanus (western Mexico to Costa Rica), cuatemoc 
(eastern Mexico to Costa Rica) and echinatus 
(Brazil to Costa Rica). A sixth species, apiculatus 
apiculatus, occurs in both Nicaragua and Panama, 
but has not yet been found in Costa Rica. 
Arachnophroctonus includes small to fairly large 
black wasps, some of which have the metasoma 
partly to entirely reddish. The wings are most 
often dark, but may be nearly hyaline. The distal 
fore tarsal segment of the male is asymmetrical 
with the inner margin slightly produced in most 
species. Biology: Evans and Yoshimoto (1962) 
have summarized biological information available 
on some subspecies of apiculatus present in the 
United States. Adults rarely if ever visit flowers or 
honeydew, but apparently derive their food by 
host-feeding. Females of this species hunt for 
immatures of several genera of Lycosidae. The 
spider is chased from its shallow burrow in the 
sand, pursued and then stung to immobility with 
several quick thrusts followed by a slower sting 
on the venter of the cephalothorax. The paralysed 
spider is grasped by a hind leg and usually 


dragged backward, although smaller spiders are 
sometimes carried forward by the wasp. The 
spider is left on the sand while the wasp com- 
mences digging a burrow and as digging contin- 
ues, is brought close to the entrance where it 
often becomes covered with sand. When the ter- 
minal cell is completed, the wasp enters the 
burrow and drags the spider in by the spinnerets. 
The nests vary in depth from 5 to 17 cm. To fill 
the nest, the wasp scrapes sand from inside the 
burrow and later from the outside. The sand is 
tamped down using the tip of the metasoma. The 
female wasp obliterates evidence of the nest by 
scraping sand in various directions over the loca- 
tion of the entrance. Other North American 
species have been recorded visiting flowers. Many 
construct short burrows in sandy places which 
they provision principally with species of 
Lycosidae, though Agelenidae, Amaurobiidae, 
Araneidae, Clubionidae, Gnaphosidae, 
Philodromidae and Salticidae have also been 
recorded as prey (Krombein in Krombein et al., 
NOZ): 


Anoplius  (Notiochares). A predominantly 
neotropical subgenus found in northern South 
America and Central America with two species in 
the southern United States. Two species are 
known to occur in Costa Rica: amethystinus 
amethystinus and lepidus lepidus. Notiochares 
species are large, relatively robust wasps, black 
but sometimes with the appressed pubescence 
imparting bright bluish or greenish tones. The 
wings are dark. Females are characterized by 
having the anterior margin of the clypeus emar- 
ginate, and the males by a velvety semilunar 
patch of specialized pubescence on sternite IV. 
Biology: the nearctic subspecies, amethystinus atra- 
mentarius, occurs in open fields near water, and 
adults are frequently found on flowers although 
females also feed on the body fluids of spiders, 
which are often captured specifically for feeding 
(Evans & Yoshimoto, 1962). These are different 
from the species of the wolf spider genus Lycosa 
(Lycosidae) that are taken for larval provisions. 
The spider prey is deposited on the ground while 
the nest is being constructed, but is often moved 
during this period. Burrows are located in bare 
areas surrounded by tall vegetation. They, are ini- 


tiated from the flat surface of the soil and vary in 
depth to 10 cm. The spider is oriented in the ter- 
minal cell with the head facing outward, the legs 
of the spider forming a plug against which the fill 
is packed. The egg is placed diagonally on the lat- 
eroventral portion of the base of the abdomen. 
The burrow is filled and sometimes lumps of sand, 
leaves and twigs are placed over the top. 


Aporinellus. This widespread genus is found in 
nearly all the warmer regions of the world except 
Australia. Four species are known to occur in Costa 
Rica, basalis, medianus, taeniatus and yucatanensis. 
They are mostly small sized wasps, black, usually 
with extensive greyish pubescence that is often coa- 
lesced into bands on the metasoma. Both sexes have 
conical teeth posterolaterally on the propodeum and 
the metapostnotum is absent dorsally. Biology: 
adults of medianus feed extensively at flowers, 
extrafloral nectaries and honeydew. Hunting is 
done over vegetation in sandy locations. Once the 
prey (thomisid, salticid and oxyopid spiders) has 
been paralysed, it is grasped by the mouthparts and 
dragged over the ground by the wasp walking back- 
wards. The spider is often left on a low plant while 
the nest is being excavated. After a short burrow (3 
to 6 cm) with an enlarged terminal cell is con- 
structed in the sand, the wasp enters and drags the 
spider inside, grasping it by the spinnerets (Evans & 
Yoshimoto, 1962; Wasbauer & Kimsey, 1985). The 
other Costa Rican species also have been recorded 
attacking species of Oxyopidae, Thomisidae and 
Salticidae in the United States (Krombein in 
Krombein et al., 1979). 


Aplochares. A small tropical genus comprising two 
species: adrastes (Santa Catarina, Brazil) and A. imi- 
tator (southern Brazil to Honduras). They are 
medium sized, rather stout bodied wasps, character- 
ized by a large pulvillar pad and strongly emar- 
ginate clypeus of the female and the short maxillary 
palpi and presence of a short malar space in the 
male. The wings of both sexes have a tendency to 
fold longitudinally. As Evans (1966e) has pointed 
out, imitator is aptly named, for with its black body 
and dark, apically whitish wings, it resembles the 
vespid Parachartergus apicalis. Males are now known 
from several localities in Costa Rica and are pat- 
terned somewhat differently. The legs are black, 


fading to dull reddish apically as in the female, but 
the middle and hind tibiae are striped dorsally with 
whitish and the posterior margin of the pronotum 
has a narrow white stripe. The wings are hyaline 
with a dark stripe longitudinally along the costal 
margin. Biology: unknown. 


Balboana. A neotropical genus ranging from 
Argentina, Brazil and Paraguay north to Mexico. 


. There are six described South American species, but 


probably at least as many species are undescribed. 
Six have been collected in Costa Rica: cameroni, pul- 
chella, tarsalis and three unidentified species, at least 
one of which is undescribed. In addition, the wide- 
spread species, auripennis, recorded from Brazil to 
Panama, probably occurs in Costa Rica. The genus 
is not taxonomically well-understood because speci- 
mens are not commonly collected. Balboana is 
closely related to Priochilus from which it differs 
principally in the form of the pronotum in the 
female, which is angulate in lateral view, the ante- 
rior surface forming a sharp angle with the dorsal 
surface and in some species appearing toothed in 
dorsal view. Additionally, the metasoma is some- 
what compressed apically and the antennae (in 
Central American forms) are somewhat swollen 
medially, thus appearing slightly clavate. Some of 
the outer antennal segments of the male are crenu- 
late and bear distinct sensory areas beneath. The 
basic ground colour of both sexes is black but in 
one undetermined species, the mesosoma of the 
male is red and the metasoma black. The wings 
may be clear or suffused with yellow, and are 
banded in both sexes. The banding pattern may be 
specifically distinct. Biology: unknown. 


Episyron. A cosmopolitan genus with a single 
widespread neotropical species, conterminus, ranging 
from Brazil to New York. Episyron is characterized 
by wings that fold longitudinally and by the pres- 
ence of scale-like pubescence on the propodeum and 
tergite I, and often on other parts of the mesosoma. 
The New World species are medium sized wasps, 
mostly black with limited yellow markings; occa- 
sionally the legs are red. The wings vary from 
extensively infuscate to hyaline, usually with the 
apex darker. Biology: females of conterminus exca- 
vate burrows (2.5 to 7.5 cms deep) in sandy soil 
and provision the terminal cell with araneid spiders; 


they often fly short distances carrying their prey 
(Krombein, 1953). 


Evagetes. A moderate sized, cosmopolitan genus 
present in all regions except Australia. Evagetes is 
represented by five species in Central America, two 
of which, parvus and an unidentified species, occur 
in Costa Rica. Evagetes species are similar to 
Arachnospila, but the antennae are relatively short 
and, in the female, stout and flattened on one side. 
Biology: cleptoparasites of nest-building Pompilidae 
(Evans & Yoshimoto, 1962). Females use their 
thickened antennae to search out the newly provi- 
sioned nest of another pompilid. They then dig 
down and expose the provisioned spider in the cell. 
They eat the egg of the original provisioner and lay 
one of their own, filling the burrow again prior to 
leaving. 


Paracyphononyx. A fairly large genus that is 
widespread throughout the warmer parts of the 
world. Several species are present in South America 
and one, unicolor, occurs as far north as Guatemala. 
It is the only species found so far in Costa Rica, but 
another species, semiplumbeus, has been taken in 
Panama. Morphological variation between the 
species is great and the group may well be poly- 
phyletic. Paracyphononyx species are medium sized 
wasps, the New World species black or with the 
metasoma red, the males frequently and the females 
occasionally with areas of grayish pubescence on 
the mesosoma and metasoma, often forming bands 
on the latter. The wings of the females are usually 
dark but those of the males subhyaline to hyaline 
with darker apices. Males have a malar space, 
which may or may not be present in the females. 
The head is attached low on the thorax sometimes 
giving a somewhat humpbacked appearance. The 
tarsal claws are cleft in both sexes and the labrum 
is fully exposed. The males are further characterized 
by crenulate antennae and dense erect pubescence 
on the posterior slope of the propodeum. Biology: a 
North American species has been recorded attack- 
ing lycosid spiders (Hurd & Wasbauer, 1956). 


Poecilopompilus. This new world genus ranges 
from southern Canada to southern South America. 
Five species occur in Costa Rica, two of which, 
algidus marcidus and interruptus dubitatus, are sub- 


species of northern taxa. The other three are 
neotropical: badius (Ecuador to Costa Rica), flavopic- 
tus flavopictus (Colombia to southern Texas) and 
polistoides polistoides (northern South America 
becoming scarcer in Central America) (Evans, 
1966€). P. polistoides has only been collected once 
in Costa Rica, but flavopictus is common throughout 
the country. They are mostly yellowish vespid 
mimics. Biology: in the United States interruptus 


interruptus hunts in tall vegetation for species of 


Araneidae. The spider is dragged over the ground, 
being grasped in the wasp’s mandibles by a hind 
coxa. It is often placed on a plant before nest con- 
struction begins. Burrow length averages 7 cm. 
After oviposition, the wasp fills the burrow by 
raking in loose material and tamping it down with 
the tip of the metasoma. The last two segments are 
turned under so that the ramming of the soil is 
done with the dorsal surfaces of these segments 
(Evans & Yoshimoto, 1962). 


Priochilus. A neotropical genus characteristic of 
rain forest situations. It occurs from northern South 
America to southern Mexico. There are about 20 
species, nine of which occur in Costa Rica: admira- 
tionis admirationis, captivum, fustiferum, gloriosum 
gloriosum, gracile, scrupulum, sericeifrons, splendidu- 
lum splendidulum and veraepacis. In addition, there is 
one unidentified species, which is possibly unde- 
scribed. These are medium to large wasps that are 
all black, or (in one species) black with a red meta- 
soma. The males frequently have yellow or cream 
coloured integumental markings. Females are some- 
times elegantly marked with patches of silvery or 
gold pubescence. The wings are black or hyaline 
with strong dark banding. As in some Pepsinae, the 
hind tibia of the females of certain species is serrate. 
Biology: Priochilus species do not excavate burrows 
and none possess a tarsal rake. In Ecuador glorio- 
sum nests under loose bark and another species 
constructs a nest in a rolled up palm frond base 
(Williams, 1928). In both cases the nests were lined 
with bits of leaves and other plant material. 


Sericopompilus. This small genus is characteristic 
of the southern Nearctic region. There are three 
species, one of which, neotropicalis, ranges from the 
western and central United States, south to Costa 
Rica. Sericopompilus species are rather slender wasps 


with long wings. Females are black with a red meta- 
soma. In the northern portion of the range the 
wings of the females are uniformly dark, but farther 
south, as in Costa Rica, the wings show consider- 
able variation and can be entirely dark or nearly 
hyaline with darker markings. In Costa Rica the 
posterior margin of the pronotum is always marked 
with yellow. The males have a red and black meta- 
soma and the wings are hyaline with a broad apical 
dark spot. Biology: the North American apicalis pro- 
visions with spiders of the families Anyphaenidae, 
Araneidae, Oxyopidae, Philodromidae, Salticidae and 
Thomisidae (Krombein in Krombein et al., 1979). 


Tachypompilus. A large pantropical genus that, in 
the New World, ranges north into the southern 
United States. There are ten described species in 
South America (Banks, 1946, 1947). Costa Rican 
species include unicolor cerinus (southwestern United 
States to Costa Rica) and ferrugineus affinis. This 
latter species is widespread throughout South 
America north to Costa Rica where there is a zone 
of intergradation between it and the northern sub- 
species ferrugineus ferrugineus. A third species, T. 
mendozae, is widespread from Argentina to Panama 
and might occur in Costa Rica. Tachypompilus 
species are moderate to large sized red or red and 
black pompilids. Biology: in North America often 
common around walls or piles of stones where they 
nest in crevices, provisioning the nest with lycosid 
and pisaurid spiders. 


Xenopompilus*. Xenopompilus was originally pro- 
posed as a subgenus of Pompilus. Day (1981) 
redefined Pompilus and restricted it to cinereus and a 
few other Old World species, leaving Xenopompilus 
and several other New World subgenera in an 
uncertain position. Until a careful study of the rela- 
tionships of these groups is made, the name 
Xenopompilus can be used in a generic sense for this 
small, uncommonly encountered group. All three 
species occur in Mexico, with one extending as far 
north as southern Arizona, and one, tarascanus, 
now recorded from Costa Rica. Individuals of all 
species are black, the females without stout spines 
at the apex of the metasoma, the ultimate tarsal 
segments without spines beneath, the tarsal rake 
absent and the frons abruptly declivous between the 
antennal sockets; the males have the distal tarsal 


segment slender and symmetrical, the tarsal claws 
toothed and the metasoma uniformly silvery pubes- 
cent, not banded. Biology: unknown. 


CEROPALINAE 


This small subfamily, occurring in every zoogeo- 
graphic region of the world, is very distinct from the 
Pepsinae and Pompilinae and has been considered a 
separate family by some authors (e.g. Móczár, 1986a). 
It comprises two genera, Ceropales and Irenangelus, 
both of which are highly specialized cleptoparasites of 
other Pompilidae. 


Ceropales. A large, cosmopolitan genus containing 
about 135 species worldwide, Ceropales was revised 
by Móczár in a series of papers (1986a, b, 1987, 
1988, 1989, 1990, 1991). The genus includes 
small to moderate sized wasps, of rather compact 
form, but with very long, slender legs. The basic 
integumental colour is black although a number of 
species have the metasoma red. Yellow or white 
markings on the head and body are the rule in this 
genus. The legs are often red or yellow or are 
marked with these colours. The form of the male 
genitalia and the shape of the subgenital plate as 
well as the kidney-shaped eyes and right-angled 
hind tarsal claws are very diagnostic for Ceropales, 
and the genus is thus easy to recognize. There are 
four subgenera, but species of only one, 
Bifidoceropales, have been recorded in Costa Rica: 
cubensis albopicta, cubensis menkei, femoralis, splendida 
and rugata. Biology: of New World species not well- 
known, but the european maculata maculata attacks 
species of the genera Pompilus, Agenioideus, Anoplius, 
Episyron, Priocnemis and Auplopus. The Ceropales 
female either rests on vegetation in the nesting area 
of the host wasp, or actually follows females about 
whether or not they are carrying prey. When the 
spider is exposed during transport, or when left 
while the host wasp explores the area for a suitable 
nesting spot, the female Ceropales runs to the spider 
and inserts an egg into the book lung. The host 
wasp may attack the Ceropales and drive her off 
repeatedly, but Ceropales is usually successful in 
depositing an egg. The host pompilid then continues 
her nesting and inters the spider. The egg of 
Ceropales hatches first and the first instar larva 
devours the host larva when it ecloses (Richards & 
Hamm, 1939; Grandi, 1954). 


Trenangelus. A. neotropical, oriental and 
Madagascan genus of rather slender wasps. 
Specimens are seldom collected and are probably 
rare or very localized. Evans (1969b) revised the 
neotropical species and described several new ones, 
including subsequently one from Costa Rica (Evans 
1987b). Irenangelus species resemble Ceropales, but 
the genitalia and subgenital plate are not as 
strongly modified and the hind tarsal claws are 
evenly curved rather than right-angled. Nearly all 
the species are uniformly reddish in colour, some- 
times with limited yellow markings on the head or 
mesosoma. The wings are clear, often with a 
strongly contrasting black spot at the tip. There are 
two species-groups separated by abundant charac- 
ters, such as the shape of the metapostnotum, pres- 
ence or absence of parapsidal furrows and presence 
or absence of hair brushes on the tarsi of the males. 
The Costa Rican fauna includes three described 
species, eberhardi, ichneumonoides, lucidus and two 
undescribed. Biology: in Asia Irenangelus has been 
reared as a cleptoparasite of a nest-building 
Tachypompilus species (Williams, 1919b), and in 
Costa Rica, females of I. eberhardi have been 
observed to wait motionless near the uncapped, 
prey-containing mud nest of the gregariously 
nesting Auplopus semialatus. The instant the nest is 
unattended by the provisioning semialatus female, 
the Irenangelus female quickly approaches the nest 
and deposits an egg on an unattended spider in an 
open cell (Wcislo et al., 1988). 


NOTOCYPHINAE 

This subfamily is almost exclusively tropical in distrib- 
ution. It comprises two genera, the Oriental 
Minotocyphus and the New World Notocyphus. 


Notocyphus“. A fairly large and diverse genus 
occurring throughout the American tropics. Banks 
(1947) recognized 29 species in South America but 
additional species occur in Central America and in 
the Antilles. The Costa Rican fauna consists of eight 
species, all of them un-named except for the poly- 
typic dorsalis, which is the only species occurring in 
the United States. Townes (1957) recorded dorsalis 
from Texas to northeastern and north-central 
Mexico, dorsalis arizonicus from Arizona and 
California and dorsalis restrictus from Central Mexico 
to Guatemala. The last subspecies also occurs in 


Costa Rica. Species of Notocyphus vary from medium 
to quite large in size. The basic colour of the meso- 
soma is black but in several species the mesoscutum 
is reddish and in one Costa Rican species the entire 
insect is orange, The metasoma varies from entirely 
black to black with yellow spots, black with termi- 
nal segments red, entirely yellow or yellow with 
various combinations of red or orange. The wings 
are most frequently dark, but in some species the 
. males have hyaline wings with darker apices. The 
genus is easily recognized by the cleft tarsal claws 
in both sexes, the large, fully exposed labrum, later- 
ally compressed terminal metasomal segments of 
the female and tent-like subgenital plate of the 
male. Biology: in Ecuador tyrannicus was reared 
from a theraphosid spider in a retreat in a folded 
leaf about two metres above the ground. The spider 
was active, having partially recovered from the 
effects of the sting and bore on its abdomen a small 
pompilid larva which eventually killed it (Williams, 
1928). In the nearctic region, Simons (1989) reared 
an adult male of dorsalis from a very small larva he 
discovered on the side of an immature tarantula, 
Aphonopelma  chalcodes (Theraphosidae). These 
accounts both indicate that the spider regains 
normal activity after the attack and maintains it 
until shortly before it is killed by the wasp larva. 


Paul E. Hanson 


Diagnosis. Body length usually about 7.0 to 10.0 
mm; mostly yellow and black; both sexes fully winged. 
Antenna 12-segmented in females and 13-segmented 
in males, dorsal rim of torulus with small tubercle or 
transverse ridge; eyes large and, in Neotropical taxa, 
with the inner borders emarginate; mandible tridentate. 
Pronotum abruptly truncated anteriorly and reaching back 
to the tegulae; mesosternum simple, without plates or 
denticles in front of or overlapping the middle coxae. 
Fore wing venation complete; hind wing with two 
enclosed cells, claval lobe reduced, jugal lobe present. 
Mid coxae situated close together or contiguous, never 
widely separated. First and second metasomal tergites 
not separated by a constriction; sternite VI of female 
expanded laterally, with sides overlapping each other 
dorsally and projecting posteriorly beyond tergite VI; 


Fig. 14.74. Sapyga sp. (Sapygidae). 


sting sheath with barbs posterodorsally; sternite VIII 
(hypopygium) of male simple, entirely exposed. 


Classification and distribution. The Sapygidae is 
a small family with a nearly cosmopolitan distribution 
(absent from Australia), comprising about 80 to 90 
species. The family is divided into two subfamilies: 
Fedtschenkiinae and Sapyginae. The former contains 
just one holarctic genus (mostly in arid areas), which 
is distinguished from all other members of the family 
by its non-emarginate inner eye margins. The 
Sapyginae consists of eight genera, four of which are 
restricted to the Old World. In the New World there 
are four genera: the Chilean Araucania, the nearctic 


Eusapyga, the neotropical Huarapea and the holarctic 
Sapyga (Pate, 1947). Only the latter two have been 
found in Costa Rica. 


Biology. Larvae of Fedtschenkiinae are ectopara- 
sitoids on the larvae of soil-nesting Eumeninae. As far 
as is known, all members of the Sapyginae are clep- 
toparasites in the nests of bees, the group of bees 
attacked apparently being characteristic of the 
sapygid genus (Pate, 1947). Species of Huarapea 
attack nests of Xylocopa whereas species of Sapyga 
attack nests of Megachilinae. There has been very 
little study of the biology of Huarapea (Hurd & Moure, 
1961), although it is probably very similar to that of 


Polochrum, an Old World genus that also attacks 
nests of Xylocopa. 

The most detailed biological studies are those of the 
North American species, Sapyga pumila, which attacks 
the alfalfa leafcutter bee, Megachile rotundata (Torchio, 
1972). The female of S. pumila deposits one or more 
eggs in freshly completed cells of Megachile by insert- 
ing her ovipositor through the cell cap. If the bee 
returns while the sapygid is in the nest, the bee will 
often bite off a portion of the wasp’s antenna: toward 
the end of the season many sapygids have parts of 
their antennae missing. The active, first instar larva 
crawls about within the cell and punctures other wasp 
eggs or larvae with its long sickle shaped mandibles, 
until there is only one sapygid per cell. The surviving 
larva eventually destroys the host egg (if one is 
present), a process that requires considerable contor- 
tion of the larva’s mouthparts, since the egg is twice 
the size of the larva. The larval sapygid then feeds on 
the nectar and pollen provisions in the nest, passing 
through four instars before spinning a cocoon. Adult 
S. pumila visit flowers and alfalfa pollen can be found 
in the midgut of dissected individuals. Mating appar- 
ently occurs in mating stations, or leks; adults pass 
the night in host nests. 


Economic importance. In North America Sapyga 
pumila is a serious pest of Megachile rotundata, the 
introduced alfalfa leafcutter bee. This bee is a very 
important pollinator of alfalfa in many of the western 
states in the U.S., and a successful business has been 
founded propagating it. Sapyga pumila is native to 
North America and originally probably attacked 
widely dispersed native bees. However, with the mass 
propagation of the alfalfa leafcutter bee, the sapygid 
began to attack this bee. By the 1970's the sapygid 
became so prevalent that it threatened commercial 
rearing of the bee (Torchio, 1979). 


Identification. Keys to the New World genera of 
Sapygidae are given in Pate (1947). The two genera 
present in Costa Rica can be separated by the 
following couplet: 


— Head with the occipital carina distinct. ........... 
DN CONCUDOCOQUOO D PEE des E Huarapea 


— Head without a distinct occipital carina. ......... 


Synopsis of the Costa Rican fauna 


Only two genera occur in Costa Rica, Huarapea and 
Sapyga, each of which appears to be represented by 
just one or two rare species. Thus far they have been 
collected only in the drier parts of the country (includ- 
ing the San José area), below 1500 m altitude. 


Denis J. Brothers 


Diagnosis. Body length 1.5 to 25.0 mm; predomi- 
nantly black, brown, or black and reddish, usually 
with brightly coloured patches or fringes of silver, 
gold, yellow, or red, usually formed by pubescence but 
often integumental in Neotropical species; cuticle 
usually very hard and heavily sculptured. Most mutil- 
lids are strongly pubescent and there is extreme sexual 
dimorphism in body form and colour, the males being 
fully winged (although rarely brachypterous or apter- 
ous) and the females entirely apterous (hence the 
common name: ‘velvet ants’). Head with dorsal rim of 
the antennal socket expanded to form a strong antennal 
tubercle; mid coxae very close to each other; first metaso- 
mal segment usually more or less sessile, but some- 
times forming a short petiole (especially in males); 
with a notch between first and second metasomal 
sterna; second tergite, and sometimes sternite, usually 
with a longitudinal felt line on each side. Males with 
inner margin of eye convex, weakly sinuate, or deeply 
notched; pronotum more or less transverse and 
usually strongly concave posteriorly; wings often 
infuscated, with strong venation on basal three-quar- 
ters; hind wing generally without claval and jugal 
lobes. Females with eye oval to circular; mesosoma 
with pronotum + meso- + metathorax + propodeum 
fused into a solid box-like structure, many of the 
sutures not visible (pronotum articulating with 
mesothorax in a few non-neotropical species); sting 
often very long and powerful. 


Classification and distribution. The family is cos- 
mopolitan but predominantly tropical and contains 
about 8000 species in seven subfamilies: Myrmosinae 
(including Kudakrumiini), ^ Pseudophotopsidinae, 
Ticoplinae, Rhopalomutillinae, Sphaeropthalminae, 
Myrmillinae and Mutillinae (Brothers, 1975). Only two 


Fig. 14.75. Pseudomethoca sp. (Mutillidae) female. 


of these subfamilies, the Sphaeropthalminae and 
Mutillinae, occur in Central America. The former com- 
prises two tribes, Dasylabrini and Sphaeropthalmini, 
with only the latter occurring in the New World. The 
tribe Sphaeropthalmini in turn comprises two subtribes, 
both of which are represented in Central America. The 
subfamily Mutillinae comprises two tribes, Mutillini and 
Ephutini, both of which occur in Central America. 


Biology. On a worldwide basis, mutillids have been 
most commonly collected in relatively dry habitats, 
such as savannah and semi-desert, areas where 
their putatively commonest hosts (other aculeate 
Hymenoptera) also tend to occur in greatest numbers. 
This may be a function of ease of collection, however, 
since the wingless females are most readily seen when 
running over bare soil or sand. They are very difficult 
to see and almost impossible to catch in dense under- 
growth. Widespread use of Malaise traps in a variety 
of habitats in Costa Rica (and elsewhere) has shown 
that males may be quite common in areas previously 
considered unsuitable for mutillids, including lowland 
rainforests. 


Despite the size of the group, our knowledge of the 
basic biology of mutillids is very limited. Worldwide 
fewer than ten species have been studied in any 
detail, although there is some scanty information on 
another 140 species or so. General accounts of the 
biology of Mutillidae can be found in Mickel (1928), 
Clausen (1940b), Ferguson (1962) and Brothers 
(197250192819 89) 

The larvae are solitary ectoparasitoids of the resting 
terrestrial immatures of other insects. The recorded 
range of hosts (in order of decreasing frequency) 
includes the fully fed larvae or pupae of a wide variety 
of bees and aculeate wasps (especially Sphecidae) 
within cells and/or cocoons; the puparia of flies, 
specially Glossinidae (tsetse), but also other 
Cyclorrhapha; the pupae of moths (Limacodidae) within 
hard cocoons; the pupae of clythrine and cryptocepha- 
line beetles (Chrysomelidae) in hard cases; and the 
oothecae of cockroaches (Polyphagidae). Since this list 
is based on knowledge of the hosts of only about two 
percent of the species, it must be viewed with caution, 
and the range of potential hosts is certainly greater. A 
common requirement, as indicated by the host records, 
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Fig. 14.76. Sphaeropthalma s.l. sp. (Mutillidae) male. 


seems to be that the stage attacked be enclosed in some 
sort of 'package' with a rigid wall, and that it be of such 
a size as to permit the full development of the larva. 
Host records of mutilid genera occurring in 
Central America are given in Table 14.2. These were 
gleaned from the following sources: Callan, 1942, 
1977 & pers. comm. [Traumatomutilla]; Mickel, 1973; 
Krombein in Krombein et al., 1979; Kimsey, 1980a; 
Roubik, 1989, 1990; Cambra & Quintero, 1992; 
Krombein, 1992a; Yanega,1994. Specific host records 
from Central America include Ephuta sp. on Auplopus 
esmeralda (Kimsey 1980a), Paramutilla halicta on 
Augochlorella edentata (Mickel, 1973), Pseudomethoca 
hesperus and doubtfully P. transversa on Halictus hes- 


perus (Brothers, 1982; Brooks & Roubik, 1983), P. 
willei on Lasioglossum umbripennis (Mickel, 1969), 
Hoplomutilla xanthocerata on Eulaema meriana (Roubik, 
1990) and Pappognatha myrmiciformis on Euglossa 
dodsoni (Yanega, 1994). We know little about the 
degree of host specificity, however. At least some 
species appear to be situation-specific rather than 
host-specific, and this may be a general characteristic. 
For example, in North America Pseudomethoca frigida 
attacks at least eight species of halictine bees which 
all nest in similar situations in the soil or rotting logs, 
and Sphaeropthalma orestes is reported from the under- 
ground nests of bees, sphecids and eumenine vespids, 
and Sphaeropthalma unicolor from the underground 


Mutillid genus Host group 

Dasymutilla 
Sphecidae, Tiphiidae 

Pompilidae 

Anthophorinae 

Euglossini 

Halictinae 

Euglossini 


Ephuta 
Hoplognathoca 
Hoplomutilla 


Paramutilla 
Pappognatha 
Pseudomethoca 
Sphaeropthalma s.l. 
Timulla 
Traumatomutilla 
Xystromutilla 


Sphecidae 
Sphecidae 


Anthidiini, Anthophorinae, Bombini, Halictinae, Megachilinae, Polistinae, 


Andreninae, Anthophorinae, Halictinae 
Anthidiini, Anthophorinae, Eumeninae, Megachilinae, Pompilidae, Sapygidae, Sphecidae 
Anthophorinae, Eumeninae, Sphecidae 


Table 14.2. Host records of mutillid genera known to occur in Central America. 


cells of six genera of bees, but also from cells con- 
structed in hollow plant stems by bees and sphecids 
(Ferguson, 1962; Krombein in Krombein et al., 
1979). 

The females search the ground or vegetation 
(depending on the species) for host nests or cocoons. 
Species that attack multicellular nests of Hymenoptera 
may spend several days within the nest moving from 
cell to cell (Krombein, 1992a). The female oviposits 
directly into the cell or cocoon of the host after 
making an opening with her mandibles. The potential 
host inside is first investigated with the antennae 
and/or the sting, and the egg is laid only if the host is 
in a resting state (has finished feeding or defaecating 
in the case of a larva). The host may or may not be 
stung before oviposition takes place, and even if stung 
it may or may not be paralysed. After oviposition the 
female reseals the host container, either by plugging 
the opening in the cell with soil or by applying a sali- 
vary secretion to the host cocoon. 

Upon hatching, the larva punctures the cuticle of 
the host with its sharp mandibles and feeds on the 
haemolymph. Development is rapid and there are 
about five larval instars. As in Tiphiidae, the larvae 
have the second pair of thoracic spiracles greatly 
reduced and the mandibles quadridentate (Evans in 
Evans, 1987a). Pupation occurs within a papery 
cocoon spun in the host container, although the larva 
may sometimes merely add some silk to the inside of 
the host cocoon and not form a separate cocoon. The 
pupa has numerous processes on the body, and the 


female usually has the sting exserted and curved 
above the metasomal apex. Generally only a single 
mutillid develops per host individual (or ootheca) and 
in cases of superparasitism one larva kills the others. 
A few Australian species are exceptional, however, in 
producing up to about four mutillids from a single 
host cell (Brothers, 1984). 

Depending on the species, mutillids may be diurnal 
or nocturnal (many Sphaeropthalmini). Diurnal 
species are usually not active during the hottest time 
of the day (Nonveiller, 1963; Brothers, pers. obs.). 
Adult males generally fly and feed on nectar. Females, 
on the other hand, run and may feed on adults or 
immatures of the host, or on moist pollen-nectar 
masses in the cells of bee hosts, in addition to or 
instead of honeydew from Homoptera or sweet exu- 
dates from plants. Females are notorious for their 
painful sting (hence the name ‘cow-killers’ for some 
large North American species), which is used mainly 
in defence against predators rather than in attacking 
the host. Both sexes stridulate under stress (e.g. when 
grasped) by rubbing a finely striated medial area at 
the base of the third metasomal tergite against a 
transverse ridge on the underside of the apex of the 
second tergite. Oscillographic analyses of the sounds 
produced may be useful taxonomically and in associ- 
ating sexes (Genise & Straneck, 1991). 

Males are often larger than their conspecific 
females, although the difference may be insignificant, 
or sometimes even reversed. Where the sexes are not 
very different in size, mating generally takes place on 


the substrate and lasts only a few seconds. Size differ- 
entiation (e.g. in species of Timulla), where a male 
only 1.3 times the length of the female has about 
twice her mass, permits transportation of the female 
by the male during or before copulation. Such a male 
typically clasps the female in the neck region using 
his mandibles, holds her mesosoma with his legs and 
flies for some distance before settling. Mating gener- 
ally seems to take place after the flight but true 
phoretic copulation is found in some species (none 
known from Costa Rica). In these the male is rela- 
tively even larger, usually at least two times and up 
to about four times the length of the female (about 8 
to 64 times her mass) and mating may persist in 
flight for many minutes. During this process the male 
may visit flowers for nectar and the female may then 
also be able to feed. Such phoresy may be an impor- 
tant means of overcoming the reduced vagility of the 
females because of their lack of wings, although 
there is no evidence to suggest that non-phoretic 
species are any less widely dispersed than phoretic 
ones. 


Identification. Because the Mutillidae are poorly 
studied taxonomically, even generic limits are some- 
times unclear. For example, various Central 
American species combine the characteristics of the 
well-known genus Dasymutilla (very common in 
North America and with one or two species as far 
south as Chile) and Traumatomutilla (common in 
South America with one species as far north as 
Panama). These two genera should thus probably 
either be synonymized or split into more genera. It is 
also usually impossible to associate male and female 
of a particular species in the absence of direct biolog- 
ical information, such as observation of mating or 
rearing of specimens from the same host at the same 
time and place. Furthermore, within a single species, 
and even within the same population and sex, speci- 
mens may vary considerably in size as a result of dif- 
ferences in the amount of food available to the 
larvae. Colour may also vary, with particular body 
regions grading from reddish-brown to black or 
pubescent markings from silver to gold, for example. 
Recognition of all specimens of one sex as represent- 
ing a particular species may thus also be difficult. 
Unlike the situation in some other groups of insects 
where sexual dimorphism is extreme but where only 


one sex is used as the basis for species description, 
both sexes are used in the Mutillidae, with the result 
that there are many species, and even genera 
(including about nine from Central America), known 
from one sex only. 

The subfamilies, tribes, and subtribes of Mutillidae 
occurring in Costa Rica can be identified by the key 
below. Cambra and Quintero (1992) provided keys to 
the genera of Panamanian mutillids, but they did not 
include eight genera known to occur in Costa Rica 
(Darditilla, Haplognathoca, Lophomutilla, Paramutilla, 
Sphaeropthalma and three undescribed genera). On the 
other hand, their keys include three genera not yet 
known from Costa Rica (Hoplocrates, Horcomutilla and 
Nanotopsis). 


Key to suprageneric groups of Mutillidae in 
Central America 

] Females; apterous individuals. .......................... 2 
— Males; fully-winged individuals. ....................... 5 


2 Eye almost circular, usually strongly projecting, 
and often with the surface smooth (facets vir- 
tually indistinguishable); mesosoma in dorsal 
view distinctly widest across mesothorax or 
pronotum, and narrowest . posteriorly 
(Figs 14.77, 14.78), lateral margins abruptly 
convex or strongly sinuate; mesopleural 
carina ending dorsally some distance posterior 
to pronotal spiracle. 

(Sphaeropthalminae: Sphaeropthalmini) .. 3 

— Eye oval, only weakly protruding and with 
surface distinctly faceted; mesosoma in dorsal 
view parallel-sided, or widest posteriorly 
(Figs 14.79, 14.80),lateral margins more or 
less straight or concave, or oval (evenly nar- 
rowed anteriorly and posteriorly); mesopleural 
carina ending dorsally at or immediately pos- 
terior to the pronotal spiracle, or obliterated. .. 
PR oa (MONEE) ....... nene E 


3 First metasomal segment generally short, sessile 
and not constricted posteriorly; head usually 
more or less transversely quadrate and as 
large as or larger than mesosoma in dorsal 
view (Fig. 14.77); dorsolateral margin of 
mesosoma usually abrupt or even carinate, 
often with teeth. .............. Pseudomethocina 


— First metasomal segment generally distinctly peti- 
olate and slightly constricted posteriorly; head 
usually more or less oval and smaller than 
mesosoma in dorsal view (Fig. 14.78); dorso- 
lateral margin of mesosoma usually rounded, 
sometimes carinate or toothed eee 
ORT CRIMI. «sxc Sphaeropthalmina 


4 First metasomal segment sessile to weakly cam- 
panulate and more or less evenly broadened 
from front to rear, almost as broad posteri- 
orly as second metasomal segment (Fig. 
14.80); tergite II of metasoma with longitudi- 
nal felt line on each side; body usually 
entirely black or black with reddish meso- 
soma, with paired longitudinal and trans- 
verse silver or gold pubescent markings on 
metasoma; mesosoma about as broad as head 
and metasoma, almost rectangular from 
above and with pleural regions smooth. ........ 
A a Mutillini 

— First metasomal segment predominantly cylindri- 
cal, very much narrower posteriorly than 
second metasomal segment (Fig. 14.79); 
tergite II of metasoma without longitudinal 
felt lines; body usually entirely black or 
brownish, sometimes with a pair of pale spots 
on tergite Il; mesosoma narrower than head 
and metasoma, narrowly oval and evenly 
rounded anteriorly and posteriorly, with 
pleural regions densely and heavily punctured. 
MONS e Ephutini 


5 Eye almost circular (Fig. 14.81), usually strongly 
projecting, and often with surface smooth 
(facets virtually indistinguishable), with inner 
margin of the eye convex or weakly sinuate; 
tegula almost circular, evenly convex and 
ending at or anterior to level of transscutal 
articulation; pterostigma well sclerotized and 
distilectW Big; od). roerei (Sphaeropt 
halminae: Sphaeropthalmini) ....................... 6 

— Eye oval, only weakly protruding and with 
surface distinctly faceted, with inner margin of 
eye deeply and abruptly notched (Fig. 14.82); 
tegula elongate, ending posterior to level of 
transscutal articulation, distinctly reflexed pos- 
teriorly or with a distinct longitudinal angle 
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anteriorly; pterostigma unsclerotized and cell- 
like or absent (Fig. 14.84). ..... (Mutillinae)....7 


6 First metasomal segment generally short but 
sometimes somewhat elongate, sessile and not 
constricted posteriorly. .... Pseudomethocina 

— First metasomal segment generally distinctly peti- 
olate and constricted posteriorly. ..................... 
Duros eet M c Sphaeropthalmina 


7 First metasomal segment sessile to weakly cam- 
panulate and more or less evenly broadened 
from front to rear, almost as broad posteriorly 
as second metasomal segment; tergite II with 
longitudinal felt line on each side; body gener- 
ally black with metasoma yellowish and some 
pale pubescence on mesosoma; tegula evenly 
convex anteriorly and distinctly reflexed poste- 
LIGY NOR UD ter EA Mutillini 

— First metasomal segment predominantly cylindri- 
cal, very much narrower posteriorly than 
second metasomal segment; tergite II without 
longitudinal felt line; body generally entirely 
black with transverse silvery pubescent bands 
on metasoma; tegula longitudinally angulate 
anteriorly and strongly longitudinally convex 
A A oa Ephutini 


Synopsis of the Costa Rican fauna 


Unfortunately, the very rich neotropical fauna is poorly 
studied, so that estimates of the actual numbers of 
species present are difficult. According to a recent cata- 
logue of the neotropical Mutillidae (Nonveiller, 1990), 
nearly 1500 species occur in the neotropical region 
(including Mexico) and 180 species in Central America. 
Cambra and Quintero (1992) recorded 67 species from 
Panama, based mostly on females (“the sex most com- 
monly encountered’, i.e. taken by hand collecting). 
Only 37 species have been recorded from Costa Rica 
itself. 

These figures are likely to be considerable under- 
estimates of the true size of the Central American 
mutillid fauna, however, since I have seen almost 200 
species from Costa Rica alone. These taxa are repre- 
sented almost exclusively by male specimens collected 
in Malaise traps over the last few years. It is likely that 
at least 300 species occur in Costa Rica. The genera 
that have been collected, with very rough estimates of 


Figs 14.77-14.84. Mutillidae. Figs 14.77-14.80. Female, head and body; 14.77, Pseudomethoca sp. (Pseudomethocina); 
14.78, Dasymutilla/Traumatomutilla sp. (Sphaeropthalmina); 14.79, Ephuta sp. (Ephutini); 14.80, Timulla sp. (Mutillini). Figs 
14.81-14.82. Head and mesosoma; 14.81. Hoplomutilla sp. (Pseudomethocina); 14.82. Ephuta sp. (Ephutini). Figs 14.83-14.84. 
Fore wing; 14.83, Dasymutilla/Traumatomutilla sp. (Sphaeropthalmina); 14.84, Timulla sp. (Mutillini). 


SPHAEROPTHALMINAE: 

Sphaeropthalmini, Pseudomethocina (61 spp.) 

Darditilla (7, m f) 
Hoplognathoca (3, f) 
Hoplomutilla (3, m f) 
Pappognatha (1, f) 

Pertyella (2, f) 
Pseudomethoca (s. 1.) (43, m f) 
New genus (2, f) 

Sphaeropthalmini, Sphaeropthalmina (31 spp.) 
Dasymutilla/Traumatomutilla (14, m f) ` 
Lophomutilla (2, f) 

Lophostigma (2, f) 
Paramutilla (1, m) 
Sphaeropthalma (including Photopsis) (3, m f) 
Xystromutilla (2, m f) 
Two new genera (5, f; 2, m) 
MUTILLINAE: 

Mutillini 
Timulla (30, m f) 

Ephutini 
Ephuta (77, m f) 


Table 14.3. The genera of Mutillidae known to 
occur in Costa Rica together with an estimate of the 
numbers of species and sexes. 


numbers of species and sexes for each, are given in 
Table 14.3. 


14.6 RHOPALOSOMATIDAE 
Ian D. Gauld 


Diagnosis. Body length 3.0 to 20.0 mm; fully 
winged or both sexes brachypterous, fore wing length 
of fully winged forms 6.0 to 17.0 mm; colour varying 
from yellowish to black. Antenna 12-segmented in 
female, 13-segmented in male, often with one or two 
conspicuous setae near distal end of proximal flagellar 
segments; antenna inserted at or slightly below centre 
of eyes, lower in brachypterous forms, but in these the 
eyes are reduced in size. Eyes of fully winged forms 
strongly emarginate on inner border opposite antennal 
base, of brachypterous forms unspecialized; clypeus 
apically concave, exposing labrum; mandible triden- 
tate, with a large apical and two small subsidiary 
teeth, sometimes with subsidiary teeth weak; maxil- 
lary palp 6-segmented, labial palp 4-segmented. 


Pronotum reaching back to tegula, in fully winged 
forms with its upper hind margin strongly arcuate, 
thin; mesoscutum, in fully winged forms with parapsi- 
dal furrows discernible; mesopleuron without a trans- 
verse sulcus; mesosternal region with a pair of 
conspicuous backwardly directed lamellate lobes par- 
tially covering bases of mid coxae. Fully winged forms 
with fore wing having six or seven enclosed cells, 
veins C and Sc+R+Rs contiguous so costal cell is more 
or less obliterated; hind wing with one or two enclosed 
cells, with claval and jugal lobes present; brachypter- 
ous forms with fore wing about as long as propodeum, 
without enclosed cells, hind wing reduced to a short, 
thread-like vestige. Fore leg with femur swollen, espe- 
cially in female; tibial spur formula 1: 2: 2; all legs of 
females with tarsal segments 2 or 3 to 4 or 5 broadened 
(Fig 14.90), concave beneath, and clothed with fine hairs; 
tarsal claws bifid or with a subapical tooth. Metasoma 
with first segment goblet-shaped to elongate and club- 
shaped, with a very slight constriction separating it 
from the second segment; female with six, male with 
seven visible tergites; male with parameres apically 
produced into elongate, upwardly curved, needle-like 
processes which resemble a sting when the genitalia 
are retracted. 


Classification and distribution 


Rhopalosomatids have been hypothesized as being 
rather closely related to the Pompilidae (Brothers, 
1975), but Day (1988) questioned this supposed rela- 
tionship and concluded that the rhopalosomatids are 
probably an early and distinctive divergence of the 
vespoid lineage, having no special affinity with the 
Pompilidae. In their recent re-analysis of vespoid phy- 
logeny, Brothers and Carpenter (1993) placed the 
rhopalosomatids as the sister-lineage to the 
Bradynobaenidae + Formicidae + Scoliidae + Vespidae 
(Fig 14.01), and quite separate from the Pompilidae. 
The Rhopalosomatidae is a small family of 
aculeate Hymenoptera comprising about 40 species 
worldwide, which are classified in four genera 
(Townes, 1977a): Liosphex (one New World species 
and one in the Philippines), Olixon (New World, 
Africa and Australia), Paniscomima (Old World) and 
Rhopalosoma (New World). The family is primarily 
tropical in distribution although species of 
Rhopalosoma and Olixon occur in the United States. 
In Costa Rica we have collected all three genera 


Fig. 14.85. Rhopalosoma sp. (Rhopalosomatidae). 


known from the New World, representing about 
eight species. i 


Biology. As far as is known rhopalosomatids are 
parasitoids of crickets (Gryllidae). The common 
Rhopalosoma nearcticum, which occurs from the 
southeastern United States south to Panama and is 
common throughout lowland Costa Rica, has been 
reared in the United States as a koinobiont ectopara- 


sitoid of Hapithus and Orocharis species (Hood, 1914; 
Gurney, 1953). Olixon testaceum, an even more 
widely distributed species occurring from Ohio south 
to Brazil, has been reared from species of Hapathis 
and Nemobius in North America (Carlson in 
Krombein et al., 1979); there is circumstantial evi- 
dence that O. testaceum attacks Cycloptilum spp. in 
Honduras (Townes, 1977a). The host of Liosphex is 
unknown. 


Fig. 14.86. Olixon testaceum (Rhopalosomatidae). 


In the few species that have been studied the 
female rhopalosomatid attaches an egg externally to 
the cricket immediately behind its hind coxa, and the 
larva develops by feeding through lesions made by its 
mandibles. At least in R. nearcticum, each successive 
instar shifts its feeding site posteriorly along the side of 
the host’s abdomen, in the membrane between the 
abdominal tergites and sternites, while maintaining its 
anal attachment site behind the host’s hind coxae. 
The developing larva causes the cricket’s hind leg to 
be held out at an unnatural angle (Gurney, 1953). 
The eggshell and larval exuviae remain attached to 
the gryllid even after the fifth instar parasitoid larva 
has concluded feeding and abandoned the host. The 
fifth instar, which has ten pairs of spiracles (two tho- 
racic and eight abdominal) and a pair of projecting 
spinnerets on the labium, tunnels into soft soil and 


constructs an ovoid brownish cocoon (Guerney, 
1953). 


Identification. Keys to the world genera and 
species are given in Townes (1977a) and a modified 
form of this key is given below. 


Key to Central American genera of 
Rhopalosomatidae 


1 Wings very reduced, the anterior one about as 
long as propodeum (Fig. 14.86), and without 
enclosed cells; inner margin of eye not 
notched opposite antennal insertion. ... Olixon 

— Wings fully developed, the anterior one longer 
than mesosoma and with six or seven 
enclosed cells (Fig. 14.85); inner margin of eye 
notched opposite antennal insertion. ........... 2 


2  Ocelli large, the lateral one separated from eye 
by less than its own maximum diameter; 
occipital carina present on upper part of head; 
tergite I of metasoma more than 2.5 times as 
long as wide (Fig. 14.85); predominantly yel- 
lowish brown insects. .................. Rhopalosoma 

—  Ocelli small, the lateral one separated from eye 
by more than twice its own maximum diame- 
ter; occipital carina absent; tergite I of meta- 
soma less than 2.0 times as long as wide; 
black or black and yellowishinsects....Liosphex 


Synopsis of the Costa Rican fauna 


Three genera and about eight species of 
Rhopalosomatidae occur in Costa Rica, although the 
exact number of species is uncertain since there 
seems to be considerable intraspecific variation in 
both Rhopalosoma and Liosphex. Rhopalosomatids 
have often been considered to be rare insects, but 
specimens of Rhopalosoma are quite commonly col- 
lected in the lowlands of Costa Rica. Species of the 
other two American genera, Olixon and Liosphex, also 
occur in lowland Malaise trap samples. No species of 
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the family have been found above 2000 metres 
altitude. 


Rhopalosoma. Two species of Rhopalosoma, R. 
nearcticum (=simile) and an undescribed slightly 
infuscate species, are regularly collected at light and 
in Malaise traps. The former is common in a variety 
of lowland habitats below 1500 metres, but it is 
most usually collected in dry forest or disturbed 
areas below 500 metres. In Santa Rosa National 
Park data from continuous Malaise trap sampling 
in forests of three different ages (Fig. 14.87) suggest 
R. nearcticum has a preference for open young 
regenerating woodlands. In such areas individuals 
are present most months of the year, although there 
is a marked peak in abundance around the start of 
the wet season. In progressively more mature wood- 
land it is both less common and more seasonal in its 
occurrence. 

The undescribed species of Rhopalosoma seems to 
be restricted to lowland wet forest habitats. A third 
species, R. alvarengai has been recorded from Costa 
Rica, but we have failed to collect it, and it is only 
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Fig. 14.87. Monthly occurrence of Rhopalosoma nearcticum (Rhopalosomatidae) in Malaise trap catches in different aged forest 
. habitats in Santa Rosa National Park, averaged from data for 1985—7. 
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Fig. 14.88. Monthly occurrence of Olixon testaceum (Rhopalosomatidae) in Malaise trap catches in different aged forest habitats 


in Santa Rosa National Park, averaged from data for 1985-7. 


known from a single specimen from an unknown 
locality (Townes, 1977a). 


Olixon. O. testaceum, a small, ant-like and predomi- 
nantly yellowish species is the only Mesoamerican 
species of the genus. It has been collected in Costa 
Rica in most habitats sampled on the Pacific and 
Atlantic coasts below 1000 metres. In Santa Rosa 
National Park data from continuous comparable 
sampling in forests of three different ages suggest 
that O. testaceum is most common in denser forests 
(Fig. 14.88). Individuals have been collected from 
the beginning of the wet season in May to the early 
dry season in January, but they appear to be most 
abundant from August to November. 


Liosphex. The one described New World species of 
this genus, L. varius, and perhaps three undescribed 
species of the same genus have occasionally been 
collected in a variety of lowland habitats through- 
out Costa Rica. No species has been found above 
1000 metres. Specimens are most frequently taken 
in lowland humid forest sites, although one species 


has been collected in Pacific dry forest during the 
wet season. 


14.7 BRADYNOBAENIDAE 
Denis J. Brothers 


Diagnosis. As in the Mutillidae, with which most 
members of this family have been confused, there is 
extreme sexual dimorphism, the males being fully 
winged (Fig. 14.89) and the females entirely apterous 
(Fig. 5.43); the body forms and usually the colours of 
the two sexes are also different. Because of the 
marked morphological diversity within the family, it 
is difficult to provide a simple diagnosis for all 
members. Since Central American species belong only 
to the subfamily Typhoctinae the following diagnosis 
pertains to that subfamily. 

Body length 4.0 to 8.0 mm. Head with only slight 
elaboration of the dorsal rim of the antennal socket (Fig. 
14.91); mid coxae slightly separated by metasternum; 
first metasomal segment almost triangular, with 


Fig. 14.89. Typhoctes sp. (Bradynobaenidae). 


sternum flat; deep notch between first and second 
metasomal sterna; second tergite with a short longitu- 
dinal felt line anteriorly on each side. Males slender, 
black with some white pubescence; eye oval, with inner 
margin sinuate or shallowly notched; pronotum more or 
less transverse and shallowly concave posteriorly; 
wings fairly narrow, with strong venation on the 
basal two-thirds or half; fore wing with small 
pterostigma and ten enclosed cells; hind wing without 
claval and jugal lobes; first metasomal tergite evenly 
swollen, with a narrow ‘neck’ anteriorly. Females less 
slender, black, but sometimes partly reddish, with 


some white or gold pubescence; eye oval; mesosoma 
elongate; pronotum trapezoidal from above, slightly 
narrower posteriorly, loosely articulated with the 
more or less rectangular and fused meso- + metatho- 
rax + propodeum (figs. 14.93, 14.94); first metasomal 
tergite with short transverse horizontal posterior face. 

The other New World subfamilies can be distin- 
guished as follows: 

Chyphotinae—dull brownish; metasoma petiolate, 
with petiole apparently composed only of sternite I; 
tergite II with felt lines; male with fairly complete 
wing venation and a strong up-curved spine at apex 
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Figs 14.90-14.95. Scanning electron photomicrographs of Rhopalosomatidae and Bradynobaenidae. Fig. 14.90. Rhopalosoma 
sp., female, hind tarsus. Figs 14.91-14.95. Typhoctes spp.; 14.91, face of female, anterior view; 14.92, sensilla on antenna of 


male; 14.93, propodeum of female, dorsal view; 14.94, propodeum of female, lateral view; 14.95, barbed hairs on head of 
female. 


of metasoma; female with pronotum rectangular, rest 
of mesosoma somewhat globular. 

Bradynobaeninae—black, black and reddish, or 
brownish; metasoma sessile, with cuticular grooves in 
place of felt lines; male with reduced wing venation 
and three short spines at apex of metasoma; female 
with entire mesosoma somewhat globular. 


Classification and distribution. The family 
comprises about 200 species in four subfamilies: 
Apterogyninae (Afrotropical and Palaearctic), Brady- 
nobaeninae (Peru to Argentina), Chyphotinae 
(Nearctic), and Typhoctinae (including Typhoctini and 
Eotillini; New World). Its limits were established by 
Brothers (1975) but the subfamilies have been consid- 
ered as separate families by Genise (1986), although 
not by Nonveiller (1990) in a catalogue of the 
neotropical species. 


Biology. Almost nothing is known of the biology of 
the family. Central American species (all Typhoctinae) 
are diurnal and rarely found. The females run rapidly 
and the males have been collected in Malaise traps. 
Males apparently visit flowers for nectar since speci- 
mens have been collected with pollen on the head, but 
what the females feed on is unknown. Both males and 
females bear stout erect slightly branched bristles (Fig. 
14.95) as do some Mutillidae. The larvae presumably 
develop as parasitoids of other arthropods. The only 
host record is for a nearctic species of Typhoctes, larvae 
of which were found on immature Solifugae 
(Arachnida) (Brothers, MS). 

As far as the other subfamilies are concerned, 
Chyphotinae are nocturnal, Bradynobaeninae diurnal, 
and the Apterogyninae includes both nocturnal and 
diurnal species. Hosts for these three subfamilies are 
unknown. 


Synopsis of the Costa Rican fauna 


Only the Typhoctinae has been found in Central 
America. One genus, Typhoctes, is known to occur in 
Central America; the other genera of Typhoctinae 
(Typhoctoides, Eotilla and Prototilla) occur farther 
south. In the key to families provision has been made 
for recognition of the Chyphotinae. Although species 
of this subfamily have not been found south of the dry 
Sonoran-southwestern United States, the recent dis- 
covery of brachycistidines (another Sonoran-south- 
western United States group) in northwestern Costa 


Rica suggests that some of these rare dry habitat taxa 
could possibly occur southwards into Central America. 


Typhoctes. Males of at least three species and 
females of two have been collected in Costa Rica at 
altitudes between 300 and 800 metres. One species 
of Typhoctes has been described from Mexico, one 
from Guatemala and another, T. evansi, recently 
from Panama (Quintero & Rodriguez, 1990). A few 
undescribed species have been collected in Colombia 
and Jamaica. T. evansi is quite commonly collected 
in Malaise traps in Santa Rosa National Park. 
Individuals have been taken between January and 
May, during the dry season. 


Albert T. Finnamore and Paul E. Hanson 


Diagnosis. Mostly 20.0 to 30.0 mm in length; robust 
and hairy; mostly black with yellow or orange mark- 
ings or all black; both sexes fully winged. Sexual 
dimorphism slight; males smaller, more slender and 
with more elongate antennal segments. Antenna of 
female 12- and male 13-segmented. Members of 
Scoliinae (all New World taxa) with inner borders of eyes 
deeply emarginate. Pronotum with posterior dorsal 
margin U-shaped, posterior lateral margin truncate 
and extending back to tegula; propodeum with two 
widely separated dorsal longitudinal sutures; fore 
coxae contiguous, middle and hind coxae widely sepa- 
rated; meso- and metasterna flattened and with small 
plate-like projections over the coxal bases; metaster- 
num quadrangular (not triangular as in many 
Tiphiidae). Fore wings with ten enclosed cells, hind 
wings with three; hind wing without a claval lobe, but 
with a long jugal lobe; distal portions of wings finely, 
longitudinally striate, with a densely corrugated 
appearance. Middle and hind tibiae of female stout, 
with oblique conical teeth or setae; tarsal claws 
simple. First metasomal sternite separated from second 
by a deep constriction. Terminal metasomal sternite of 
male armed with three spines. 


Classification and distribution. The Scoliidae is a 
small family containing about 300 species worldwide, 
with the majority occurring in tropical and subtropi- 
cal regions. They are absent from high latitudes such 
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Fig. 14.96. Campsomeris sp. (Scoliidae). 


as Canada and southern South America. The family is 
divided into two subfamilies, the Proscoliinae and the 
Scoliinae, the former comprising just one genus with 
two primitive species known only from the eastern 
Mediterranean region (Day et al., 1981). The cos- 
mopolitan subfamily Scoliinae is divided into two 
tribes, the Scoliini, with six genera, and the Camp- 
somerini, with about 15 genera. Although this is a 
rather small family, the nomenclature is rather con- 
fusing as there is a tradition of using both subgeneric 
and subspecific names. 


Biology. Despite their large size, and the fact that 
where they occur they can be quite conspicuous, 
there is surprisingly little information available about 
the biology of Scoliidae. Females are powerfully built 
and have spiny legs adapted for burrowing into the 
soil where they seek out large coleopterous larvae, 


usually Scarabaeidae. Upon detecting the host the 
female stings and paralyses it. In common with 
Vespidae, the venom of Scoliidae contains kinins, 
which apparently block synaptic transmission in the 
nervous system (Piek, 1986). After the host is paral- 
ysed the female lays an egg on it, the precise position 
varying between species. In at least some cases the 
female drags the paralysed host more deeply into the 
soil and prepares a crude cell before ovipositing. 
Females can lay a maximum of two eggs per day over 
a period of about two months (Clausen, 1940b). 

The larval scoliid feeds on the host as an 
ectophagous idiobiont parasitoid, at first with only its 
head embedded in the feeding puncture but eventu- 
ally more and more of its body entering the host. 
Everything except the host integument is devoured 
(Clausen, 1940b). The first instar larva has simple 
mandibles whereas the following instars have triden- 


tate mandibles. The mature larva has ten pairs of well 
developed spiracles, and a unique feature of the family 
is the presence of five or six sensilla in each antennal 
orbit instead of the usual three (Evans in Evans, 
1987a). At the end of larval development a cocoon is 
spun, and eventually the adult emerges through a cir- 
cular cap at the anterior end (unlike tiphiids where 
the hole is more irregular and cut to one side). The 
larval period, consisting of four instars, lasts about 
one week, and roughly three weeks are passed in the 
cocoon. 

In the lower Rio Grande area of Texas, males are 
active for a maximum of four hours per day, during 
which time they can be found visiting flowers (Porter, 
1981). ‘Courtship’ in Scolia dubia apparently consists 
of both sexes flying horizontally low over the ground. 
Eventually a female alights on the ground and shows 
her willingness to copulate by spreading her wings, 
thereby exposing her orange abdomen. In this species 
pre-copulatory females apparently "sleep" with males 
on vegetation whereas after copulation they sleep in 
the soil (Rau, 1932). 


Economic importance. In other parts of the world 
there are at least two cases of classical biological 
control programmes utilizing scoliids against scarab 
pests (Clausen, 1978). In Central America Campsomeris 
dorsata has been reported attacking Ligyrus nasutus 
and Phyllophaga spp. (King & Saunders, 1984). 


Identification. The following key to genera and 
subgenera is based on Bradley (1945, 1964) and 
examination of over 300 specimens. 


Key to genera and subgenera of Scoliidae 
of Costa Rica 
] Fore wing with vein 2m-cu absent (Fig. 14.97), 


or present and arching to vein 1m-cu. ............. 
(SCO ELLO MEE Scolia 
— Fore wing with vein 2m-cu present, extending 
mom Cual E MEIRAOS) ooo AER 
(Campsomerini).... Campsomeris .................... 2 


2 Mesosoma with lateral part of propodeum 
coarsely and obviously striate. .......................- 
subgenus Rhabdotomeris 


seecscsvacssosssscsecosvseosccsonono 


10 


11 


12 


Mesosoma with lateral part of propodeum not 
OEA MS Mee etes eS 3 


Antenna at least three times as long as the width 


othe head dmaless .-.»ee esee errore TTE 4 
Antennal about equal in length to the width of 
theheadalemáles: ici 11 
Hind tibia with apical spurs white. ................... 5 
Hind tibia with apical spurs black. ................... 7 


Fore wing with apex setose only along anterior 
MABE canino retocar rim subgenus Dielis 
Fore wing with apex uniformly setose. ............. 6 


Metasoma with tergite IV yellow marked. ........... 
NS s ANE subgenus Xanthocampsomeris 
Metasomal with tergite IV entirely black. ............ 
E CLARO: C. (Lissocampsomeris) wesmaeli 


Fore wing with apex uniformly setose. ................ 
TN DE subgenus Stygocampsomeris 
Fore wing with apex setose only along anterior 


Propodeum and clypeus yellow marked. .............. 
IAS subgenus Aelocampsomeris 
Propodeum and clypeus entirely black. ............ 9 


Metasoma with orange markings. ...................... 
BA OI DIDI subgenus Pygodasis 
Metasoma entirely black. ................................ 10 


All setae black. e... subgenus Campsomeris 
Some setae, at least on ventral surface of meta- 
soma, white. ..... C. (Lissocampsomeris) columba 


Mesosoma with posterior surface of propodeum 
coarsely punctate, the punctures bearing 
setae; hind tibial spurs pointed (cf Fig. 14.99). 
EPIIT SED CIE subgenus Pygodasis 

Mesosoma with posterior surface of propodeum 
impunctate, or if punctate then longer hind 


tibial spur spatulate (cf Fig. 14.100). ......... Il? 
Hind tibia with apical spurs white. ................. 13 
Hind tibia with apical spurs black. ................. 14 


Figs 14.97-14.102. Scoliidae. Figs 14.97-14.98. Fore wings; 14.97, Scolia sp.; 14.98, Campsomeris sp. Figs 14.99—14.100. 
Hind tibial spur; 14.99, C. (Xanthocampsomeris) sp.; 14.100, C. (Dielis) sp. Figs 14.101-14.102. Mesopleuron; 14.101, C. 
(Lissocampsomeris) sp.; 14.102, C. (Aelocampsomeris) sp. 


13 Hind tibia with longer spur pointed (Fig. 14.99). 
EE croix dE subgenus Xanthocampsomeris 
— Hind tibia with longer spur  spatulate 
(ELO C. (Dielis) plumipes 


14 Metasoma with tergites II and III (and sometimes 
also IV) predominantly orange. ........................ 
AM C DN C. (Dielis) dorsata 


—  Metasoma with tergites II and III black, or I-III 
(and sometimes also IV) black with yellow 
IDankiesceeu eee TRO 15 


15 Mesopleural ridge weakly indicated just above 
mid coxa (Fig. 14.101); vertical upper part of 
mesopleuronimpunctates ........... 7. voe creen 
XUL Ti 00 subgenus Lissocampsomeris 


—  Mesopleuron with a distinct ridge (Fig. 14.102), 
or vertical portion of upper mesopleuron with 
¡AE | PUM CLURES terres e erre 16 


16 Hind tibia with longer spur pointed, less than 
half length of basal tarsal segment. ................. 
looo E ER TPES subgenus Aelocampsomeris 

— Hind tibia with longer spur spatulate, or if 
pointed, then over half length of basal tarsal 
SOOM os 17 


17 Hind tibia with longer spur pointed. .................... 
ie « subgenus Stygocampsomeris 
— Hind tibia with longer spur spatulate. ................. 
A e oo ester subgenus Campsomeris 


Synopsis of the Costa Rican fauna 


Scoliids are widespread, and at times common, 
throughout Costa Rica, although they are notably 
absent at altitudes above 2000 metres. There appear 
to be about 15 species present. 


SCOLIINAE: Scoliini. This tribe comprises about six 
genera, two of which, Scolia and Triscolia, are repre- 
sented in the New World. Only the former occurs in 
the Neotropics. 
Scolia. Two species of this genus are known to 
occur in Costa Rica. 


SCOLIINAE: Campsomerini. This tribe contains about 
15 genera, but only three of these—Campsomeris, 
Colpa (= Trielis) and Crioscolia—occur in the New 
World. Only Campsomeris, which is exclusively New 
World in distribution, occurs in the Neotropics 
(Bradley, 1957; Betrem & Bradley, 1972). 


Campsomeris. This genus is represented in Costa 
Rica by about 12 species in eight subgenera. 


Campsomeris (Aelocampsomeris). A single 
species, variegata, is recorded as occurring in Costa 
Rica. It has been collected in mid altitude sites. 


Campsomeris (Campsomeris). We have only 
found one species of this subgenus, regifica, in 


Costa Rica. It has been collected from sea-level up 
to 1200 metres. 


Campsomeris (Dielis). This subgenus is repre- 
sented in Costa Rica by two species, dorsata and 
plumipes. The former has the yellow pronotal 
mark extending to the tegula whereas the yellow 
mark does not reach the tegula in the latter 
species. C. plumipes has only been collected from 
sites between 900 and 1600 metres, while dorsata 
appears to occur only below 1100 metres. In 
Santa Rosa National Park, dorsata is common in 
Malaise trap collections towards the end of the 
wet season (October to December). 


Campsomeris (Lissocampsomeris). Represented 
by two species, columba and wesmaeli. The former 
is a lowland species (below 1300 metres), but it is 
rarely collected on the Osa Peninsula. On the 
other hand wesmaeli has most frequently been 
collected from the lowlands in the southwestern 
part of the country (Osa Peninsula to Carara 
Reserve) although isolated individuals have been 
taken as far north as Guanacaste National Park. 


Campsomeris (Pygodasis). A single species of 
this subgenus, ephippium has been found in Costa 
Rica, at altitudes between 800 and 2000 metres. 
This species is easily recognized by its large size 
(female up to 40 mm) and by the fact that both 
sexes have tergites II and III predominantly 
orange. C. vittata (male tergites I and II with 
yellow) has been recorded from Panama and 
Mexico, and ianthina (male all black) from 
Colombia and Mexico; both are thus expected to 
occur here. 


Campsomeris (Rhabdotomeris). A single 
species of this subgenus, rokitanskyi, occurs in 
Costa Rica. It seems to occur generally in mid 
altitude sites but very little material has been 
collected. 


Campsomeris (Stygocampsomeris). A single 
species of this subgenus, servillei, occurs in Costa 
Rica. It has primarily been found between 600 
and 1500 metres although isolated individuals 
have been collected from lower altitudes. An 
intensive Malaise trap survey of the Osa 


Peninsula has found that this species is common 
on Cerro Rincon (750 m) but only one individ- 
ual has been collected from any of the other 
Sites. 


Campsomeris (Xanthocampsomeris). This sub- 
genus is represented in Costa Rica by a single 
species, hesterae, which appears to be restricted to 
altitudes between 600 and 1200 metres. 


The ia wasps : 
v (espidae) ` a 


Mary Jane West-Eberhard, p 
James M. Paragane: and Paul E. Hanson. : 


Fig. 15.01. Ancistrocerus sp. (Eumeninae). 


Diagnosis. Medium to large sized wasps (4.5 to 
25.0 mm in length); colour variable, often yellow with 
black markings to all black; both sexes fully winged. 
Antenna 12-segmented in females, 13-segmented in 
males, male antenna often more curved at apex; inner 
margin of eye emarginate medially. Pronotum reaching 
back to tegulae. Wings folded longitudinally at rest and 
fore wing with an elongate first discal (discoidal) cell 
(except in Masarinae); hind wing with closed cells. 
Mid coxae contiguous. First metasomal tergite and 
sternite partially fused, the former overlapping the 
latter; a distinct constriction present between the first 
and second sternites. 


Classification and distribution. Traditionally (e.g. 
Spradbery, 1973b; Krombein in Krombein et al., 1979; 


Gauld & Bolton, 1988) this group has been divided 
into three families, the Masaridae, Eumenidae and 
Vespidae. However, following Carpenter's (1982) phy- 
logenetic analysis, it has become increasingly accepted 
that all should be united in a single family, the 
Vespidae. This family is now classified in six appar- 
ently monophyletic subfamilies (Carpenter, 1982, 
1991); their postulated phylogenetic relationships are 
shown in Fig. 15.02. 

The most primitive subfamily, the Euparagiinae, 
comprises only nine extant species classified in a single 
genus that is presently restricted to the xeric areas of 
the southwestern United States and Mexico. The sub- 
family was widespread in the Cretaceous Period 
(Carpenter & Rasnitsyn, 1990; Brothers, 1992), 
occurring in central Asia and southern Africa. The 


Euparagiinae 
== Masarinae 
Eumeninae 
Stenogastrinae 
== Polistinae 


Vespinae 


Fig. 15.02. Proposed phylogenetic relationships of the subfamilies of Vespidae. Details of the characters supporting this recon- 


struction are given in Carpenter (1982). 


~ 


Masarinae is a larger group comprising about 250 
species in 18 genera. It is cosmopolitan and primarily 
restricted to dry areas in Australia, southern Africa, 
the Mediterranean Basin and the New World, where it 
has a disjunct distribution with species present in the 
western United States, Mexico, Guatemala and 
Panama, and in the western and southern parts of 
South America (see below). The Eumeninae is by far 
the largest subfamily comprising about 3000 species 
throughout the world, classified in 203 genera. The 
sister-group of the two best known vespid subfamilies 
is the Stenogastrinae, a rather small, tropical Asian 
group comprising about 50 species in six genera. The 
remaining two subfamilies, the Polistinae and 
Vespinae, include some of the most commonly 
encountered of all wasps in most parts of the World. 
The former group is cosmopolitan and includes about 
800 species classified in 28 genera, while the latter is 
both smaller and has a more restricted distribution. 
The Vespinae is primarily Holarctic and tropical 
Asian, though species have been inadvertently intro- 
duced into South Africa, Chile, Hawaii, Australia and 
New Zealand, and includes about 60 species placed in 
four genera. 

Only the Eumeninae and Polistinae have been 
found in Costa Rica, but the Masarinae may occur 
here since they are present in countries to the north 
and south of Costa Rica. Among the eusocial groups 
of Vespidae, the Central American fauna differs 
significantly from that of North America in that the 
subfamily Polistinae predominates (17 genera in Costa 
Rica versus three genera in the United States). The 
subfamily Vespinae extends from North America 
(where there are three genera) south to Guatemala, 
but is absent from the rest of Central America. 


Biology. Vespids, especially the eusocial species 
(Polistinae), form a common and conspicuous part of 
the fauna of Central America, and individuals can be 


encountered in almost all situations from the coastal 
plains to high altitude on the Cerro de la Muerte. 
Several species frequently nest in and around human 
habitations and are particularly attracted to sweet 
substances and kitchen refuse. Because of their painful 
sting the polistines are feared by the general public 
and are usually regarded as a nuisance. Although 
some species have a predilection for sugary food, most 
vespids are predators on other arthropods. Masarines 
are a notable exception as they provision their nests 
with pollen and nectar. 

All vespids construct nests, usurp nests, or occupy 
pre-existing cavities in which to nest. Usually the nest 
is made of mud or masticated plant fibres, and some 
may be quite large and complex structures with a 
form characteristic of the particular species building it 
(Figs 15.03-15.08). The Euparagiinae, Masarinae and 
Eumeninae are solitary to primitively social (nest- 
sharing without a worker caste); Stenogastrinae, 
Polistinae and Vespinae are eusocial (group-living 
with sterile workers) (Spradbery, 1973b). Cleptopa- 
rasitism has evidently not evolved in the family, 
although in temperate regions there are socially para- 
sitic species (inquilines) of Polistes and Vespula. 
Oviposition is into an empty cell and Carpenter (1982) 
considers this habit to be an autapomorphy for the 
family. 

The mature larvae differ considerably between sub- 
families and genera, but in general are 7 to 35 mm 
long, with the head rather large, lacking antennal 
papillae (present in Stenogastrinae), with ten pairs of 
spiracles, and middle body segments often divided into 
two dorsal annulets by a transverse crease (Evans, 
1987a). The pleural lobes may be weakly developed 
(Eumeninae) or well developed (Polistinae). Eumenines 
have a smooth integument with minute setae whereas 
polistines have the integument covered with spinules 
and with areas of fairly long setae on the venter of the 
more anterior segments. Larvae of Mischocyttarus 
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Figs 15.03-15.08. Vespid nests; 15.03, Synoeca sp.; 15.04, Parachartergus sp.; 15.05, Metapolybia sp.; 15.06, Apoica sp.; 
15.07, Polybia sp.; 15.08, Charterginus sp. 


species have conspicuous abdominal lobes which, by 
covering the retracted head, evidently serve to protect 
them from adults aggressively soliciting regurgitated 
liquids (Hunt, 1988). Full-grown eumenine larvae 
spin a delicate silken cocoon (although a few species 
do not spin cocoons) whereas polistines spin only a 
thick silken cap over the mouth of the cell. 
Information on masarine larvae is very incomplete 
(Carpenter, 1982). 


Key to the subfamilies of Vespidae of 
Central America 


1 Fore wings not longitudinally folded at rest; 1st 
discal cell shorter than subbasal cell. 


[Veryrare] e Masarinae (p. 564) 
— Fore wings longitudinally folded at rest; 1st 
discal cell longer than subbasal cell. ............. D 


2  Méesoscutum with a parategula, a flattened lobe 


projecting from. posterolateral corner 
(Fig. 15.09); claws with an auxiliary sub-basal 
tooth. 


[Mid tibia usually with a single spur.] ......... 
ám us cus mm c Eumeninae (p. 565) 
—  Mesoscutum without parategula (Fig. 15.10), 
but often with vertical lamella along postero- 
lateral edge; claws simple. 
[Mid tibia usually with two apical spurs.] ... 3 


EU pL RSS T 


3 Hind coxa with dorsal carina on posterior 
surface; hind wing without a jugal lobe. 

[Absent south of Guatemala.] .... Vespinae* 

— Hind coxa without dorsal carina; hind wing 

ustiallyawathtagigalll@ sem 

IP O Polistinae (p. 574) 


15.1 THE SUBFAMILY MASARINAE 
(POLLEN WASPS!) > 


Classification and distribution. Species E, 
Masarinae occur mostly in warm dry regions of the 
world. The subfamily is classified in two tribes 
(Carpenter, 1982): the Gayellini, which comprises ten 
species restricted to the Neotropics, and the Masarini, 
with over 200 species that are widely distributed 
throughout warm dry parts of the Old World, western 
North America and South America (Richards, 1962). 

The Gayellini includes only two genera — the 
Patagonian Gayella and the tropical American 
Paramasaris (Carpenter, 1989). Paramasaris fuscipen- 
nis has been collected in Mexico, Guatemala, 
Panama and Colombia (Carpenter, 1989), but not 
yet in Costa Rica. 

The Masarini comprises 16 genera, three of which 
occur in the New World (Richards, 1962; Vecht € 
Carpenter, 1990): Ceramiopsis and Trimeria from 
South America, and Pseudomasaris from western 
North America and Mexico. 


Figs 15.09-15.10. Scanning electron photomicrographs of Vespidae, posterolateral part of mesoscutum; 15.09, Eumenes sp. 


(Eumeninae); 15.10, Polistes sp. (Polistinae). 


Biology. The masarines are the only Hymenoptera 
other than bees to provision their nest entirely with 
pollen and nectar. The only information available on 
the biology of the tribe Gayellini is for the South 
American species Gayella eumenoides (Claude-Joseph, 
1930), whereas much more information is available 
for the tribe Masarini (e.g. Richards, 1962; Torchio, 
1970; Zucchi et al, 1976; Gess & Gess, 1980; 
Naumann & Cardale, 1987). Within the subfamily as 
a whole, the excavation of burrows via the use of 
regurgitated water is probably the ancestral condi- 
tion, whilst the construction of cylindrical mud cells 
attached to rocks or plant stems (as in Gayella 
eumenoides) is probably derived. A further evolution- 
ary sequence can be seen in the substitution of 
nectar, or even silk (probably produced by the 
mandibular glands of the adult female), for water as a 
bonding agent (Gess & Gess, 1992). The nest is provi- 
sioned with nectar and pollen, which the female 


carries in her crop, and individual species are often 
oligolectic (i.e. specialists on a few species of flowers). 
The thin-walled, translucent cocoon consists of sali- 
vary secretion and silk. Mating behaviour has not 
been observed in Gayellini but a few studies exist for 
Masarini (e.g. Longair, 1987). 


Identification. Richards (1962) provided keys to 
the species of Masarinae of the world and Carpenter 
(1989) provided revised keys to the Gayellini. 


Classification and distribution. The Eumeninae 
was previously given family status and divided into 
three subfamilies (Richards, 1962): Eumeninae, 
Raphioglossinae and Zethinae. However, subsequent 


Fig. 15.11. Omicron sp. (Eumeninae). 
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phylogenetic analysis has shown that the Zethinae is 
a paraphyletic group, and that a group consisting of 
Eumeninae + Zethinae, without Raphioglossinae, is 
also paraphyletic (Carpenter, 1982). Thus the 
Eumeninae is now considered to include these other 
two subfamilies. Worldwide the Eumeninae includes 
about 3000 species in 203 currently recognized 
genera. About 80 species in 22 genera are currently 
known in Costa Rica. However, because eumenines 
have not been intensively collected (and are infre- 
quently taken in Malaise traps), the actual number 
of species present in the country is probably well 
over 100. 


Biology. Eumenines are much less commonly seen 
than polistines. All species are predators, mostly of 
Lepidoptera larvae, and all construct nests, which 
usually involves the use of mud in one way or another. 
Some species build free-standing, jug-like nests, hence 
the common name, 'potter wasps'. Most eumenines are 
solitary, but a few are primitively social. 


Nesting behaviour. Some species excavate burrows in 
horizontal or vertical earth surfaces, especially in clay 
soils, by regurgitating water and removing pellets of 
mud (Iwata, 1976; Cowan, 1991). Euodynerus crypti- 
cus, for example, nests in vertical ground burrows in 
small colonies, the nest consisting of about three cells 
one above the other (Krombein in Krombein et al., 
1979). Other species build single cells at the end of 
branching tunnels (Evans, 1956). Partitions between 
cells and final closures are made with mud. Several 
burrowing species construct a chimney-like cylinder of 
mud (‘turret’) over the nest entrance although in 
some species this turret may be eventually levelled 
and used to seal the entrance of the burrow. There is 
still no agreement on the function of these chimneys 
(Cowan, 1991). 

Non-burrowing species generally employ mud in 
nest construction, and this mud is usually obtained 
by drinking water and flying to another site where 
the water is regurgitated and mixed with soil. Most 
eumenines nest in pre-existing cavities, such as 
hollow plant stems, old beetle borings, abandoned 
nests of other Hymenoptera, and even empty snail 
shells. Mud and sometimes resinous material is often 
used in lining, partitioning, and closing the nest. 
Pachodynerus nasidens, for example, occupies old nests 
of Sceliphron and Zeta, or other cavities, and con- 


structs a unique crescent-shaped temporary plug 
(Jayasingh & Taffe, 1982). Pseudodynerus quadrisectus 
is reported to use cavities in wood (Krombein in 
Krombein et al., 1979). The yellow and black Zethus 
histrionicus is a common occupant of holes around 
houses in Costa Rica. 

Several eumenines build exposed nests of mud or 
plant material. Some of these mud-daubing species, for 
example Montezumia cortesioides (Evans, 1973c, see 
Willink, 1982), use a rock crevice or other protected 
site as a support for a nest of mud cells placed upon 
each other and surrounded by additional mud, 
forming an amorphous ball of mud. These mud nests 
are usually distinguishable from those of sphecid mud- 
daubers by their more granular texture and shorter 
tubes that are only one cell long. Other mud-daubing 
eumenines (Eumenes and Pachymenes) make elegant 
mud cells in the shape of pots or jugs, which are 
widest in the middle and narrow to a small opening at 
the top. These mud pots may occur singly or in 
groups of two to four and are frequently attached to 
twigs. It has been suggested that the very restricted 
aperture in these nests limits the size of prey that can 
be provisioned. Methods of mud manipulation vary. 
Some apply the mortar from the inside with their 
mandibles, while others (e.g. Eumenes) construct from 
the outside with their mandibles and fore tarsi (Iwata, 
1976; A.P. Smith, 1978). 

A few eumenines use plant material in addition to 
or instead of mud in nest construction. Ancistroceroides 
bogotanus covers its cylindrical mud cells with kneaded 
plant material (Iwata, 1976). Species of Zethus belong- 
ing to the subgenera Zethus and Zethusculus nest in 
abandoned beetle burrows, closing the cell with cut 
pieces of leaves, while species of the subgenus 
Zethoides (e.g. Z. aztecus, Z. clypearis, Z. matzicatzin, Z. 
miniatus, Z. olmecus, Z. toltecus) construct nests 
entirely of masticated vegetable material and resin 
(Bohart & Stange, 1965). The nest types built by 
genera of Eumeninae that occur in Costa Rica are 
listed in Table 15.1. Nests are so far undescribed for 
Hypalastoroides, Parazumia, Pararhaphidoglossa and 
Pseudacaromenes. 

Some species make more than one type of nest. For 
example Parancistrocerus fulvipes uses borings in wood, 
old mud dauber nests, burrows of ground nesting 
bees, or it constructs its own burrows in the ground 
(Evans, 1956; Krombein, 1967). Pachodynerus nasidens 
may use pre-existing cavities or make free mud nests 


Burrow in soil Cavities 


Ancistroceroides 
Ancistrocerus 
Eumenes 
Euodynerus 
Leptochilus 
Minixi 

Monobia 
Montezumia 
Omicron 
Pachodynerus 
Pachymenes 
Parancistrocerus 
Pirhosigma 
Pseudodynerus 
Santamenes 
Stenodynerus 
Zeta 

Zethus 
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Table 15.1. Nest sites used by genera of Eumeninae 
occurring in Costa Rica. When more than one type 
occurs within a genus, X = many species and x = a 
few species. Information is from Evans & Matthews 
(1974), Iwata (1976), Soika (1978, 1990) and 
Krombein (in Krombein et al., 1979). 


(Jayasingh & Taffe, 1982; Carpenter, 1986b). This 
plasticity at both the species and generic level makes it 
difficult to deduce phylogenetic patterns in nesting 
behaviour (Carpenter & Cumming, 1985). Burrowing 
into the soil is generally assumed to be primitive and 
according to one hypothesis the building of exposed 
mud nests may have evolved from the habit of remov- 
ing moistened pellets of earth to construct a turret 
over the burrow (Iwata, 1976; Evans & West- 
Eberhard, 1970). On the other hand the stem-group of 
Eumeninae (Zethinae and Raphiglossinae of authors) 
are all cavity nesters (‘renters’) or builders of exposed 
nests, and cavity nesting occurs in the majority of 
other genera (Carpenter & Cumming, 1985). 


Provisioning behaviour. When the cell is completed, but 
before provisioning begins, a single egg is laid within 
it, usually attached to the upper surface of the cell by 
a short thread. Prey consists mostly of Lepidoptera 
larvae but may also include phytophagous Coleoptera 
larvae (Chrysomelidae and Curculionidae). Most 
eumenines search for concealed prey such as leaf- 
folders (Isley, 1913) and the female wasps are 


attracted by caterpillar silk and frass (Steiner, 1984). 
The prey is stung on the underside of the head and 
thorax and the venom usually causes permanent 
paralysis (Cooper, 1953). In addition, the prey may be 
kneaded (i.e. gently chewed without breaking the 
skin), which may help incapacitate the prey (Isley, 
1913) and/or provide a means for detecting endopara- 
sitoids (Lashomb & Steinhauer, 1975; Cowan, 1981; 
Bohart et al., 1982). The prey is carried to the nest, 
supported by the mandibles and legs, and placed in 
the cell. 

Most eumenines are mass provisioners, i.e. the cell 
is fully provisioned and sealed before the larva begins 
to develop. The exact number of prey individuals pro- 
vided depends on their size, with more being amassed 
when they are small (Brooke, 1981). The developing 
larvae of mass provisioning eumenines take several 
days to devour all the prey individuals furnished. To 
avoid contamination of the cell by putrefying flesh, 
the prey are generally only lightly paralysed. 
Progressive provisioners, on the other hand, which 
sequentially provide new prey individuals for their 
developing larva, sometimes kill the prey. Apparently 
very few masticate the prey as do polistines. 

The vast majority of eumenines are solitary or sub- 
social but a few demonstrate parasocial (communal) 
behaviour. Progressive provisioning combined with 
communal behaviour has been observed in the South 
American species Montezumia cortesioides (Evans, 
1973c, as M. dimidiata) and Zethus (Zethoides) miniatus 
(West-Eberhard, 1987). The latter species, in which 
15 or more females may occupy a common nest made 
from masticated leaves, demonstrates many traits that 
are more characteristic of the Polistinae (Ducke, 
1914; West-Eberhard, 1987, 1988, unpublished): 
construction of a nest that is attached at only one 
point to the substrate; nest sharing among adults; 
cooperative brood care with temporary reproductive 
division of labour; partial progressive provisioning; 
brood care (defence of nest) extended until adult eclo- 
sion; and cell re-use. 


Mating behaviour. Although most species have not 
been studied, mating behaviour in eumenines appears 
to be quite diverse. In some twig nesting species males 
emerge first and compete among themselves for access 
to their emerging sisters (Cowan, 1986). In ground- 
nesting species males may patrol nesting aggregations 
and in arid areas males may defend or patrol water 


pools (Cowan, 1991). In some species females mate 
only once whereas in others the female will mate 
repeatedly. In some species the female’s wings remain 
free after being mounted by the male and the pair 
may fly off to mate in dense vegetation. Most male 
eumenines have hooked antennae that are used 
during courtship, and many females have secretory 
pits on the top of the head (Cumming & Leggett, 
1985) which may also play a role in sexual behav- 
iour. Post-intromission antennal stroking has been 
observed in Eumenes consobrinus (Eberhard, 1990). 
After intromission the male of some species releases 
his grip on the female’s thorax, and with genitalia still 
linked he dangles from her held only by the genitalia. 
Finally, postcopulatory displays are reported from 
some eumenines. 


Biotic associations. Several different parts of the body 
of adult eumenines are modified to accommodate the 
dispersing deutonymphs of mites, which live in the 
nest, feeding on fungi (Cooper, 1955). The most fre- 
quently used body parts include axillary fossae, 
propodeal cavity, and cavities in metasomal seg- 
ments  (Krombein, 1967). All species of 
Parancistrocerus have a complex symbiotic relation- 
ship with winterschmidtiid mites, each wasp having 
a host-specific mite. The hypopial stage of the mite 
congregates in large numbers in the acarinarium, a 
chamber at the base of the second metasomal tergite 
which is covered by the apex of the first tergite 
(Krombein, 1967). 


Economic importance. As predators of lepi- 
dopteran larvae eumenines are potential biological 
control agents (Bohart et al., 1982), although their 
capacity to control pest populations is probably rather 
small. 


Identification. Carpenter and Cumming (1985) 
provided a key to the nearctic genera, on which the 
following key is based in part. Soika (1978, 1982, 
1990) provided keys to neotropical species of Eumenes, 
Hypalastoroides, Minixi, Omicron, Pararhaphidoglossa, 
Pirhosigma, Pachymenes, Santamenes and Pseudaca- 
romenes. Other keys to species that include Central 
American taxa are mentioned below in the generic 
synopses. 


Key to the genera of Eumeninae occurring 
in Costa Rica 


1 Metasoma petiolate (Fig. 15.11); segment I in 
dorsal view with width half or less that of II, 
and at least twice as long as wide, usually 
longer (Pig. 15:12) eerror e a creer meen 2 

— Metasoma not petiolate (Fig. 15.1); segment I 
with width more than half that of II, much 
less than twice as long as wide (Fig. 15.13). ... 


2 Propodeal orifice narrowly acute dorsally; 
propodeal valvula elongate, rectangular 

(Bis LS LAN eee EE Zethus 

—  Propodeal orifice broadly rounded dorsally; 
propodeal valvula short, rounded (Fig. 15.15). 


A TENE 3 

3 Pronotum with oblique humeral carina 
(Fig 15 MON it CN EE Zeta 

— Pronotum without oblique humeral carina 
(Bigs: 15-17-15-19) eerte ETE + 


4 Lateral margins of tergite I not meeting ven- 
trally, sternite I visible along entire petiole 
[AA RE Pseudacaromenes 

— Lateral margins of tergite I fused ventrally, stern- 
ite I reduced to posterior crescentic sclerite. .... 


5  Pronotal carina absent laterally below humeri 
(Eig: 1.5888). TO 6 

—  Pronotal carina well-developed along entire 
length, reaching down to or beyond level of 

middle of pronotum in profile (Figs 15.17, 
O EP PE PISCERR EORR RD oO enene 7 


6 Tergite II without translucent apical lamella. ..... 
MEE D Doo lone Pachymenes 

—  Tergite II with translucent apical lamella. ........... 
ASEO COSES Santamenes 


7 Pronotum without pretegular carina 
(Fig. 15.17), or with carina present only pos- 

terior to spiracular operculum. ....................... 8 

— Pronotum with complete pretegular carina 
(Figs 5509). eT ET 10 
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11 


12 


13 


14 


Tergite I with apical margin not thickened into 
blunt ridge and without transverse preapical 
A AAN Pirhosigma 

Tergite I with apical margin thickened into blunt 
ridge and with a transverse furrow anterior to 


THOUS. (US reg LS OA) a ME. eee 9 
Epicnemial carina present (Fig. 15.17). . Omicron 
Epicnemial carina absent. ...................... Eumenes 
Free apical part of clypeus very short 


(Fig. 15.20); fore wing with 2m-cu joining M 
on posterior margin of 3rd submarginal cell 
(Fig. 15.22) distal to, or opposite 2rs-m. ......... 
AS Pararhaphidoglossa 
Free apical part of clypeus almost as long as 
basal width (Fig. 15.21); fore wing with 2m-cu 
joining M on posterior margin of 2nd submar- 
ginal cell, proximal to 2rs-m (Fig. 15.23). ....... 


Fore wing with 2rs-m fused for part of its length 
with 2r-sm, before 2rs-m joins 2r-rs, so 
2nd submarginal cell is petiolate above 
Cae MA ee. ATTE: Hypalastoroides 

Fore wing with 2rs-m joining Rs after Rs has 
joined 2r-rs, so 2nd submarginal cell is sessile 
above Mies 1532 5535) uo. oa sc cernes 116) 


Anterior face of pronotum with two small, 
close set, deeply impressed medial foveae 
(Fig. 15.25), which may be contiguous; tegula 
abruptly expanded and  posterolaterally 
broadly rounded. ..........................-... 13 

Anterior face of pronotum without two close set, 
deeply impressed foveae (Fig. 15.26), some- 
times with one; tegula usually more evenly 
AO E T Deere trennen rre eres 14 


Tergite II smooth basally, forming acarinarium 
beneath apex of tergite I that is often full of 
mites (may be concealed by preceding tergite). 


A OO EEPEERDELOonoeeadeccooncontiban Parancistrocerus 
Tergite II ridged basally, not forming acarinar- 
TURNER S Stenodynerus 


Submarginal carina extended posteriorly as 
pointed process above valvula; propodeal 


15 


16 


17 


18 


19 


20 


2il 


valvula enlarged, free posteriorly from sub- 
marginal carina, sometimes extending as a 
rectangular lamella (Fig. 15.27). ............... 15 
Submarginal carina usually not projecting, if 
forming pointed process then fused to valvula; 


propodeal valvula usually not enlarged 
and free posteriorly, never rectangular 
(Eig. A E 16 


Tergite I with transverse carina at crest of ante- 
rior declivity (Fig. 15.27). ...... Ancistroceroides 
Tergite I without carina. .................... Leptochilus 


Dorsal surface of propodeum nearly horizontal, 
more or less on the same level as the metan- 
ara (es JUS PADS a Pseudodynerus 

Dorsal surface of propodeum below plane 
of metanotum, sloping  posteroventrally 
(dors ceo d) asses c. c, c-r RUM NN C. Jy 


Pronotum with complete oblique humeral carina 
(Fig. 15.30); metasomal sternite II not 
strongly sulcate (cf Fig. 15.29). . Pachodynerus 

Pronotum without oblique humeral carina; or if 
partial carina is present, then metasomal ster- 
nite N isisulcate (Figi 15:3 D) sorte attt 18 


Tergite I with transverse carina at crest of ante- 
rior declivity (cf Fig. 15.27). ...... Ancistrocerus 
Tergite I without carina (Fig. 15.31). ............ 19 


Prestigma at most little more than half the 
length of the pterostigma (measured along 
posterior border) (Fig. 15.32). ...... Euodynerus 

Prestigma almost as long as or longer than the 
pterosipgmu (Bip. 15555). A eerta 20 


Mesepisternum without epicnemial carina; max- 
illary palpus 6-segmented, labial palpus 4-seg- 
Mt NS ott. Parazumia 

Mesepisternum with epicnemial carina 
(Fig. 15.31); maxillary palpus 5-segmented, 
labialipalpus 3-segmented. .......................-. 2 


Propodeum with lateral angles rounded 
(Fig. 15.34); submarginal carina continuous 
above propodeal orifice. ................ Montezumia 


15 | 
PROPODEAL 
ORIFICE 
PROPODEAL 
VALVULA 
14 


die 


Figs 15.12-15.18. Eumeninae. Figs 15.12-15.13. Meso- and metasoma, dorsal; 15.12, Zeta sp.; 15.13, Montezumia sp. 
Figs 15.14-15.15. Propodeum, posterior; 15.14, Zethus sp.; 15.15, Pachymenes sp. Figs 15.16-15.17. Head, mesosoma and 
tergite I, lateral; 15.16, Zeta sp.; 15.17, Omicron sp. Fig. 15.18. Mesosoma, lateral, Pachymenes sp. 


The subfamily Eumeninae (‘potter wasps 
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Figs 15.19-15.27. Eumeninae. Fig. 15.19. Mesosoma, lateral, Pararhaphidoglossa sp. Figs 15.20-15.21. Face, frontal; 15.20, 
Pararhaphidoglossa sp.; 15.21, Minixi sp. Figs 15.22-15.24. Anterodistal part of fore wing; 15.22, Pararhaphidoglossa sp.; 15.23, 
Minixi sp.; 15.24, Hypalastoroides sp. Figs 15.25-15.26. Anterior part of mesosoma, dorsal; 15.25, Stenodynerus sp.; 15.26, 
Ancistroceroides sp. Fig. 15.27. Propodeum and anterior segments of metasoma, Ancistroceroides sp. 
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Figs 15.28-15.35. Eumeninae. Fig. 15.28. Propodeum and anterior segments of metasoma, Pachodynerus sp. Fig. 15.29. 
Mesosoma, lateral, Pseudodynerus sp. Fig. 15.30. Prothorax, lateral, Pachodynerus sp. Fig. 15.31. Mesosoma and anterior seg- 
ments of metasoma, lateral, Montezumia sp. Figs 15.32-15.33. Anterocentral part of fore wing; 15.32, Euodynerus sp.; 15.33, 


Montezumia sp. Figs 15.34—15.35. Propodeum, posterodorsal view; 15.34, Montezumia sp.; 15.35, Monobia sp. 


—  Propodeum with lateral angles usually pointed 
(Fig. 15.35); submarginal carina interrupted 
aluyprapodeaLerific ensis... a Monobia 


Synopsis of the Costa Rican fauna 


Currently 22 genera and nearly 80 species of 
Eumeninae are known to occur in Costa Rica. Many 
of these genera are primarily neotropical taxa (e.g. 
Monobia, Montezumia, Pseudodynerus, Zethus), whilst a 
few are principally north temperate genera with iso- 
lated representation in tropical America (e.g. 
Ancistrocerus, Leptochilus). Within Costa Rica most 
species of eumenines appear to be restricted to low ele- 
vation sites (< 1500 m) but one species of 
Ancistrocerus occurs at 3000 metres. 

The following are the genera and species presently 
known to occur (or presumed to occur) in Costa Rica 
( = new record for Costa Rica; E* = not yet seen but 
probably present based on its presence to the north 
and south of Costa Rica): 


Ancistroceroides. The taxonomic status of this 
genus has only recently been clarified, but the name 
is applicable to most of the South American species 
described as Ancistrocerus (Carpenter & Vecht, 
1991). The twenty or so described species have a 
range extending from Mexico to Argentina. One 
species is known to occur in Costa Rica: 
Ancistroceroides bogotanus (Zavattari) n. comb. . 


Ancistrocerus. A moderately large, primarily hol- 
arctic genus with some six species endemic to the 
Neotropics. One species, similis, has been collected 
in Costa Rica; its range extends north to Mexico. 
Biology: only lepidopteran larvae are recorded as 
prey in the New World, but a european species is 
reported to prey on coleopterous larvae (Krombein 
in Krombein et al., 1979). 


Eumenes. A fairly large, cosmopolitan genus, with 
three species occurring in Costa Rica: americanus, 
consobrinus and filiformis. Most of the species 
making nests in the shape of mud pots were origi- 
nally described in this genus, which has been grad- 
ually split during this century into several dozen 
genera. Biology: only known to provision with 
larvae of Lepidoptera. 


Euodynerus. A moderately large genus, most 
diverse in the north temperate regions, but with a 
few species found in the tropics. The species so far 
found in Costa Rica, crypticus, is primarily a 
nearctic species, occurring as far north as Canada. 
Biology: only known to provision with larvae of 
Lepidoptera. 


Hypalastoroides. This is a neotropical genus, with 
27 species ranging from Argentina to the southern 
United States. Three species have been recorded 
from Costa Rica: brasiliensis, costaricensis and mexi- 
canus. 


Leptochilus. A moderately large, holarctic genus, 
with a few species extending into the Neotropics. 
The species found in Costa Rica, tropicanus^^, occurs 
as far south as Colombia. Keys to species: Parker 
(1966). Biology: species are known to provision 
with both the larvae of Lepidoptera and Coleoptera. 


Minixi. A small neotropical genus, with one species 
in Mesoamerica (mexicanum) that is distributed from 
Colombia to Texas. 


Monobia. A moderately sized, neotropical genus, 
with more than 30 species. Some species are found 
throughout Central America, and one species is 
widespread in the United States. Three species have 
so far been collected in Costa Rica: angulosa, 
nigripennis and texana. Keys to species: Willink 
(1982). Biology: only known to provision with 
larvae of Lepidoptera. 


Montezumia. A moderately large genus, with 
almost 50 species. It is neotropical, with some 
species extending north to the southwestern United 
States. Five species have been collected in Costa 
Rica: azurescens, cortesia, dimidiata, huasteca and 
infernalis. Keys to species: Willink (1982). Biology: 
one individual of M. cortesia (in NHM) has been 
reared from an old Sceliphron-like nest found under 
an overhang. Species are only known to provision 
with larvae of Lepidoptera. 


Omicron. A fairly large genus of small wasps, 
endemic to the Neotropics. Numerous species occur 
in Mesoamerica, and the following is doubtless a 
partial list for Costa Rica: acapulcense**, aequale™, 


aggressor, aviculum, criticumE*, deminutum, flavoni- 
grum, foxiR, globicolle®, nanum, nymphale, regulum 
regulum, reguloide, thoracicum and totonacum. 


Pachodynerus. A moderately sized genus, endemic 
to the Neotropics, but with some species occuring as 
far north as the United States, and one (nasidens) 
that has been introduced widely onto islands in the 
Pacific. Two species occur in Costa Rica: nasidens 
and praecox. Keys to species: Carpenter (1986b). 
Biology: only known to provision with larvae of 
Lepidoptera. 


Pachymenes. A small genus of medium-sized 
wasps, endemic to the Neotropics. Of the 11 species, 
three occur in Mesoamerica and Costa Rica: 
aztecus^, ghilianii and obscurus. 


Parancistrocerus. A moderately large genus with 
most included species found in the New World. The 
neotropical species are diverse but little described, 
and the species recorded from Costa Rica, fulvipes*, 
is common in the United States. Biology: only 
known to provision with larvae of Lepidoptera. 


Pararhaphidoglossa. This is a fairly small (20 or 
so species), neotropical genus with a few species dis- 
tributed in Mesoamerica. Three have been found in 
Costa Rica: fulvior, invenusta and nigrofulva. 


Parazumia. ^ small genus with one South 
American species that has also been collected in 
Costa Rica: carinulata*, There are also a few species 
occurring in Mexico and the southern United States. 


Pirhosigma. A small neotropical genus, with one 
species widespread in Central America: aenigmaticum. 


Pseudacaromenes. A neotropical genus, with one 
large species, alfkeni. The few specimens of this 
genus have been collected in Brazil, Costa Rica and 
Belize. 


Pseudodynerus. A: small neotropical genus, 
ranging from Paraguay north to the eastern coast 
of the United States. Two species have been found 
in Costa Rica: maxillaris and quadrisectus™®. Keys to 
species: Bequaert (1941). Biology: only known to 
provision with larvae of Lepidoptera. 


> IS The vespid wasps (Vespid 


Santamenes. A small neotropical genus, recently 
separated from Pachymenes. The four species occur 
from Argentina to Mexico, and one has been col- 
lected in Costa Rica: novarae*, 


Stenodynerus. A fairly large genus of small wasps, 
most diverse in the Holarctic but with numerous 
neotropical representatives. So far five species have 
been collected in Costa Rica: farias, iolans, otomitus, 
temoris and undiformis*. Keys to species: Bohart 
11980). Biology: most species provision with lepi- 
dopterous larvae, but in the United States two 
ground nesting species also use coleopterous larvae 
(Krombein in Krombein et al., 1979). 


Zeta. A small genus (four species) of large wasps, 
widespread in the Neotropics, including the Greater 
Antilles. One species is found in Central America, 
and occurs in Costa Rica: argillaceum. 


Zethus. A large genus, with about 200 species, of 
which a handful are African and a few nearctic, 
with the remainder endemic to the Neotropics. 
Several dozen species have been recorded from 
Central America, and the following list of Costa 
Rican species is doubtless incomplete: apicalipenns, 
aztecus^*, cerceroides, clypearis, clypeolaris, costarricen- 
sis, dodgei, dreisbachi®, fuscus, histrionicus, isthmicus, 
lopezi, matzicatzin, miscogaster®*,  montezumal*, 
olmecus, spinosus, strigosus, toltecus and westwoodi. 
Keys to species: Bohart and Stange (1965). Biology: 
known to progressively provision with larvae of 
Lepidoptera. 


15.3 THE SUBFAMILY 
(‘PAPER WASPS’ 


Polistines occur 
throughout the world but are most diverse in tropical 
regions, especially the Neotropics. Worldwide there 
are 28 genera and 800 species, and in Costa Rica 17 
genera and nearly 100 species have been recorded. 
The Costa Rican fauna belong to three tribes: Polistini 


Classification and distribution. 


(Polistes), Mischocyttarini (Mischocyttarus) and 
Epiponini (the remaining genera). 


Biology. Most social vespids (Stenogastrinae, 
Polistinae and Vespinae) demonstrate the following 


ma 


Fig. 15.36. Agelaia areata (Polistinae). 


behavioural traits: construction of nests of vegetable 
material; nest sharing among adults; co-operative 
brood care; reproductive division of labour (sterile 
workers); simultaneous progressive provisioning with 
masticated prey (mostly lepidopterous larvae); brood 
care extended to adult eclosion; adult—adult trophal- 
laxis; and cell re-use. 


Colony founding. Polistines initiate new colonies in one 
of two ways (West-Eberhard, 1969; Jeanne, 1980): 
independent founding and swarm founding. In the 
former type, practiced by Polistes and Mischocyttarus 
species, one or several queens initiate a new colony 
by themselves, without workers. Often a colony is 
founded by a single female (‘foundress’) who is soon 
joined by one or more additional females. However, 
most of the egg laying is done by a single female, 


usually the one that initiated the nest. Although the 
other females are fertile they are prevented from 
laying eggs by the highly territorial foundress, whose 
physical dominance (attacks and chasing), threat 
behaviour, and (in some species) egg-eating, keeps the 
other females from reproducing. 

In contrast, members of the tribe Epiponini initiate 
colonies via a swarm of workers, accompanied by a 
smaller number of queens, leaving an established 
nest. The workers select the site of a new nest and 
movement to this site is co-ordinated by means of 
pheromone trails (Naumann, 1971; Forsyth, 1981a 
& b; West-Eberhard in Jaisson, 1982). Individual 
‘scout’ workers move back and forth between the old 
and new nest sites, rubbing an abdominal scent 
gland on prominent leaves. Then many wasps take 
flight at once and individually follow the scent trail. 


Swarm founders are generally polygynous (i.e. with 
more than one queen) although in some (e.g. 
Metapolybia aztecoides) there are cycles between 
polygyny and monogyny (West-Eberhard, 1978b), a 
pattern that may prove widespread in the group 
(Strassmann et al., 1991, 1992). Reproductive domi- 
nance and queen recognition in at least one species 
appears to occur by means of pheromones (West- 
Eberhard, 1977). 

Swarm founding has two potential advantages 
over independent founding. First, socialization of dis- 
persal and colony founding reduces the risk of queen 
mortality. Second, the initially larger colony allows 
greater specialization among colony members, more 
effective defence against predators, and (combined 
with the usually enveloped nest) greater homeostatic 
control over physical conditions within the nest 
(Jeanne, 1991). 


Nest construction and defence. Paper wasps, as their 
name implies, typically build a nest of chewed veg- 
etable fibres. Depending on the species, construction 
material may include a combination of long woody 
fibres, plant hairs, short vegetable chips, mud, and 
glandular secretions (Wenzel, 1991). Independent 
founding polistines (Polistes and Mischocyttarus) con- 
struct a single unenveloped comb, which is attached 
to the substrate by a tough pedicel. All swarm found- 
ing genera (tribe Epiponini), except Apoica, include 
species that build an envelope over the nest; such 
enveloped nests often comprise several combs. The 
nest may be located on the undersurface of a leaf (e.g. 
species of Polistes, Mischocyttarus, Leipomeles), flat on a 
tree trunk (Metapolybia, Synoeca), hanging from 
branches (Brachygastra, Polybia), or hidden in cavities 
above or below ground, such as hollow tree trunks 
(some species of Agelaia). 

Nest architecture has been greatly influenced by 
ant predation, as several kinds of special architectural 
defences against ants have been demonstrated. In 
Polistes and Mischocyttarus an ant repellent substance 
secreted from a gland on the sixth metasomal sternite 
is applied to the pedicel (Post & Jeanne, 1981; Post et 
al., 1984; Espelie & Hermann, 1990). Enveloped nests 
probably evolved primarily as a defence against ants 
(Jeanne, 1975), although attacks by parasitoids may 
also have played a role (see Gadagkar, 1991; Jeanne, 
1991). Leipomeles dorsata and Nectarinella championi 
have an additional defence in the form of sticky stalks 


produced from oral secretions, which are densest in 
the area near the nest entrance. 

In addition to defensive features incorporated into 
the nest when it is built, adult wasps actively guard 
the nest against ants. Such behavioural defences 
include ‘pecking’ with the mandibles accompanied by 


wing fanning (West-Eberhard, 1969), physical 
removal of ants (Jeanne, 1991), and removal of 
pheromone trails left by ants (West-Eberhard, 1989). 

Army ants pose a particularly serious problem 
(Chadab, 1979) and possible defences include: nesting 
very high in the canopy (e.g. Agelaia areata and 
Epipona spp.), workers blockading the nest entrance 
with their bodies (e.g. Synoeca septentrionalis), blockad- 
ing combined with a tough nest covering (e.g. Polybia 
emaciata), or nesting in close association with Azteca 
or Pseudomyrmex ants (e.g. Agelaia myrmecophila and 
Polybia rejecta). The latter of course possibly entails a 
need for some defence against these ants, and 
Parachartergus aztecus, which lives with 
Pseudomyrmex, chemically camouflages the nest from 
the ants by coating the nest envelope with lipids 
similar to those in the ant’s cuticle (Espelie & 
Hermann, 1988). Most polistines however, when con- 
fronted by an army ant raid, have few options except 
to rapidly evacuate the nest (Chadab, 1979). 

In the seasonally dry, open forests of northwestern 
Costa Rica ants appear to be less important enemies of 
social wasps than vertebrate predators. In this region 
bird predation, especially by the grey-headed kite 
(Leptodon cayanensis: Accipitridae) on nests of Polybia 
occidentalis and P. barbouri, has been reported to reach 
as high as fifty per cent towards the end of the dry 
season (Windsor, 1976). Other threats to polistine 
nests, especially unenveloped nests, include brood par- 
asites such as pyralid moth larvae (Nelson, 1968, 
1971; Jeanne, 1979b) and hymenopteran parasitoids 
(see Chapter 2.6). 


Castes. In the few tropical species that have been 
studied in this resepct—for example, Polistes spp. 
(West-Eberhard, 1969, 1986), Metapolybia aztecoides 
(West-Eberhard, 1978b), and Synoeca surinama (West- 
Eberhard, 1981)—caste (queen vs. worker) determi- 
nation depends upon dominance relations within the 
colony when a female is young. If a queen or group of 
queens is present newly emerged females become 
workers, but in the absence of a queen they become 
queens. Male production in these species does not 


seem to correlate with queen production. For example, 
a colony of Metapolybia observed for 18 months pro- 
duced numerous reproductive swarms and queens 
without producing a single male (West-Eberhard, 
1978b). Reproductive swarming (swarm production 
not accompanied by nest abandonment) occurred 
during periods of strong aggressive competition 
among queens. 

Queens generally appear larger than workers due 
to their enlarged abdomen containing developed 
oocytes, and old queens of some species (e.g. Polybia, 
Metapolybia, Agelaia) are darker or browner in colour. 
Morphological differences between queens and 
workers are most pronounced in Agelaia (Jeanne & 
Fagen, 1974) and, at the other extreme, virtually 
non-existent in genera such as Nectarinella and 
Protopolybia (West-Eberhard, unpublished). Living 
queens can often be identified by their behaviour. In 
some species of Polistes queens aggressively attack and 
dominate other females, while in other species queens 
perform threat displays and other females avoid them 
or approach slowly. In Metapolybia and Synoeca (West- 
Eberhard, 1978b, 1981) and Leipomeles (West- 
Eberhard, unpublished) queens walk slowly and curve 
the abdomen and antennae toward other approaching 
queens in characteristic ‘bending’ behaviour. 


Diet. Adult polistines feed partially on nectar and hon- 
eydew, which is sometimes stored as viscous drops in 
egg-containing cells in the nest. Some species tend 
honeydew-secreting Homoptera; for example, 
Parachartergus fraternus has been observed tending 
Aetalionidae (Letourneau & Choe, 1987) and another 
Parachartergus species has been seen to tend mem- 
bracid nymphs in San Antonio de Escazú (W. 
Eberhard, pers. comm.). Adult females hunt caterpil- 
lars and often extensively masticate the prey at the 
capture site, so that when returning to the nest their 
abdomens are heavy with ingested fluids, and the solid 
pellet they carry in their mouth is relatively dry. The 
ingested fluids are regurgitated to adults and larvae at 
the nest, and the solid food is also divided among 
adults and larvae. Where the prey organisms are 
brought into the nest more or less intact (e.g. Polybia 
occidentalis), the prey has been found to be dominated 
by larval Lepidoptera, although many other arthro- 
pods are also used (Gobbi et al., 1984). For example, 
early in the wet season in northwestern Costa Rica P. 
occidentalis captures large numbers of alate termites, 


which may be cached in the nest (Forsyth, 1978). In 
addition to arthropod prey, polistine larvae may also 
receive some nectar (Hunt et al., 1987). 


Nesting cycle. In tropical polistines, nests of both inde- 
pendent- and swarm-founding species are often peren- 
nial. In swarm-founding polistines brood production 
and nest expansion (addition of cells) may occur in 
pulses, with nest expansion often coinciding with 
periods when there are relatively few larvae to feed 
(West-Eberhard, 1978a). Lack of nest expansion in at 
least some tropical Polistes coincides with periods of 
dominance conflict when there is no established egg- 
laying queen (West-Eberhard, 1969). However, the 
duration of the ‘nesting cycle’ (occupancy of a single 
nest — Jeanne, 1991) is independent of offspring emi- 
gration (swarm production) and the production of 
sexuals (males and/or queens). 

The nest may be abandoned if the brood is 
destroyed, by army ants or birds for example. In the 
areas with a long dry season, such as northwestern 
Costa Rica, some species migrate to higher (more 
humid) elevations, seasonally abandoning breeding 
nests to occupy dry season nests that are not used for 
brood rearing (reviewed in West-Eberhard, 1982 and 
Jeanne, 1991). Barring nest destruction or strong sea- 
sonality, nothing is known about what additional 
factors (if any) regulate the nesting cycle. 


Mating behaviour. Although copulation in nature has 
apparently been reported in only one genus of tropical 
paper wasp (Polistes—see West-Eberhard, 1969; 
Polak, 1992), several different patterns of male behav- 
iour have been observed that likely function in mate 
acquisition. The most common is 'patrolling'—flight 
along a repeated path, often by several males, which 
hover near or briefly land on prominent leaves or 
other objects in their path. Upon landing, patrolling 
males sometimes rub the substrate with a sinuous or 
rapid movement of the metasoma, presumably apply- 
ing a pheromone (brief review in West-Eberhard, 
1981). This patrolling and marking behaviour is 
easily confused with the trail-marking behaviour of 
swarming females. In Costa Rica it occurs in at least 
some populations of Synoeca, Polistes, Epipona, 
Parachartergus and Mischocyttarus males (West- 
Eberhard, 1981 and unpublished; Polak MS.). Male 
behaviour, however, may vary within species due to 
the presence of alternative tactics (see Polak, 1992) 


and geographic variation. In males of some swarm- 
founding species there is a very conspicuous glandular 
area on the ventral metasoma, presumably the source 
of the marking pheromone (Downing et al., 1985). An 
unusual marking behaviour was observed by Wenzel 
(1987) in males of Costa Rican Polistes major, which 
use a secretion produced from a mandibular gland. 

Males of Costa Rican Agelaia species (probably A. 
multipicta), rather than patrolling and hovering, have 
been observed flying very rapidly about the crown of a 
low tree on a ridge, but no scent marking was seen. 
Males of Parachartergus apicalis ‘perched’ and flew at 
passing objects. Although most such behaviour is not 
closely associated with nest sites, and some large 
patrolling areas (e.g. of Mischocyttarus mexicanus) 
persist for years with no obvious connection with nest 
locations, sites of male activity do sometimes appear to 
be associated with particular nests (e.g. Synoeca septen- 
trionalis, Epipona sp.; West-Eberhard, unpublished). In 
a population of Polistes canadensis in which unmated 
nest foundresses sometimes occurred, males visited 
sites of newly founded nests (West-Eberhard, 1982). 
Polak (1992) observed territorial males of Polistes 
canadensis and P. carnifex along ridges in Guanacaste, 
but never saw them attempt copulation with females 
on or near nests. Territorial males scent marked on 
perches within their territories, and in P. canadensis 
territorial males sometimes switched to an alternative 
‘cruising’ behaviour. 


Biotic associations and mimicry. Because social wasps 
often defend their nests by inflicting a painful sting, 
many other animals, ranging from katydids 
(Downhower & Wilson, 1973) to oropendolas (Smith 
in Janzen, 1983), associate with them and thereby 
probably gain some measure of protection from preda- 
tors. In an experimental study of bird/wasp associa- 
tions in the seasonally dry forests of northwestern 
Costa Rica, Joyce (in press) demonstrated that birds 
commonly found nesting in association with polistine 
wasps built significantly more nests in trees contain- 
ing artificial Polybia-like nests than in trees lacking 
these artificial nests. As mentioned previously, some 
polistines nest in association with certain ants. In 
addition, some polistines nest together, the less pugna- 
cious species tending to associate with more pugna- 
cious species. For example, in northwestern Costa Rica 
Polistes carnifex often nests with Polybia occidentalis 
(Corn, 1972), and Mischocyttarus immarginatus tends 


to nest in association with Polybia occidentalis and 
P. diguetana (Windsor, 1972; Gorton, 1978); interest- 
ingly M. angulatus was never found nesting with 
Polybia (Starr, 1988). 

A variety of polistines (Richards, 1978) probably 
gain protection from predators by resembling other 
common aggressive polistines. In many cases Agelaia 
species may serve as models for less aggressive or 
numerous species such as Mischocyttarus species. The 
former are much more aggressive and have more 
painful stings (Starr, 1985). The fact that Agelaia 
species have large colonies and thereby provide large 
numbers of stinging models to ‘train’ predators may 
also play a role. Many other insects, including various 
hymenopterans, Mantispidae (Opler, 1981) and arctiid 
moths, perhaps also gain protection from predators in 
a similar way. Table 15.2 lists possible examples of 
mimicry complexes in Costa Rica. This table was 
assembled by inspection of specimens in the 
Hymenoptera collection at the University of Costa 
Rica, looking for insects resembling aggressive wasps 
in size, colour and shape. But we emphasize that there 
is so far no experimental verification that any of these 
wasp ‘mimicry complexes‘ actually function to deter 
predators. 

In Table 15.2 only colour patterns are described, 
but many of the species have been observed to show 
behavioural similarities as well, reinforcing the 
impression that they have evolved under selection for 
adaptive resemblance (Starrett, 1993). It should be 
noted, however, that recurrent colour patterns are 
common in insects of different genera and even fami- 
lies, including as developmental anomalies. Moreover, 
even visually complex colour patterns are sometimes 
genetically simple and evolutionarily labile (Nijhout, 
1991). Such variation may lead to convergences (or 
parallelisms) without selection for mimicry, although 
it may also facilitate the evolution of mimicry. 


Economic importance. Because of their painful 
stings the polistine wasps, like the Vespinae of the 
north temperate regions, are probably amongst the 
most feared of all insects. In a small fraction of the 
human population (no more than one percent) a sting 
from these wasps can represent a life-threatening 
danger due to an extreme allergic reaction; anyone 
can develop an allergy to stings (see Chapter 3.1). 
These wasps are most problematic when they nest 
near human habitations, and in a world that is 


Colour pattern 


Blue-black body, dark wings 


Dark brown body, dark wings 


Black body, black wings with 
white tips 


Black body, wings yellowish-red 


with black tips 


Blackish/dark brown 
body, wings yellowish 
brown, anteriorly black 


Black body with slight 
yellow markings (margins 
of pronotum, metasomal 
tergites, etc.) 


Body yellow with 
black markings 


Body yellowish brown 
with black markings, 
metasoma orange-brown; 
wings yellowish 


Body as above; wings 
dark brown 


Body mainly black, 


end of metasoma bright yellow 


Table 15.2. Recurrent colour patterns including social vespids in Costa Rica: material for the occurrence of 
protective mimicry (see text). 


Vespine models 


Synoeca septentrionalis, 
Polistes bicolor 


Agelaia panamaensis, 
Mischocyttarus labiatus, 
M. melanarius 


Parachartergus apicalis 

P. fraternalis, 

Mischocyttarus atramentarius, 
M. atrocyaneus 


Polybia rejecta 


Polybia aequatorialis tristis 


Polybia occidentalis sp. gp. 
Mischocyttarus immarginatus, 
M. pallidipectus, 

M. tolensis, 

Polistes pacificus 


Agelaia areata, 
A. cajennensis. 
A. multipicta, 

A. pallipes. 
Mischocyttarrus alienus, 
M. basimacula, 
M. cleomenes. 
M. collarellus. 
M. costaricensis, 
M. fraudulentus, 
Polybia emaciata 


Agelaia myrmecophila 
Mischocyttarus angulatus 


Polistes canadensis 


Brachygastra spp. 
Clypearia sp. 


‘Mimics’ 
Montezumia sp. (Eumeninae); 


Pimpla caeruleata (Ichneumonidae); 
Pepsis spp. (Pompilidae). 


Neogorytes sp. (Sphecidae); 
Ochloptera sp. (Sphecidae). 


Monobia sp. (Eumeninae); 
Hoplisoides sp. (Sphecidae); 

Sagenista sp. (Sphecidae); 

indet males (Mutillidae); 

Leucospis leucoteles (Leucospidae); 
Clydonium cabrerai (Ichneumonidae); 
Seminota sp. (Trigonalyidae); 
Aplochares imitator (Pompilidae); 
Odyneropsis sp. (Apidae). 


Pachodynerus nasidens (Eumeninae); 
Hoplisoides sp. (Sphecidae); 
Leucospis klugii (Leucospidae); 
Priocnemis sp. (Pompilidae); 
Brachymeria mexicana (Chalcididae). 


Phytodietus sp. (Ichneumonidae); 


Pimpla ichneumoniformis (Ichneumonidae); 
some indet Ichneumoninae (Ichneumonidae). 


Leucospis latifrons (Leucospidae); 
Taeniogonalos costalis (Trigonalyidae); 
Phytodietus sp. (Ichneumonidae); 
Sphinctus sp. (Ichneumonidae). 


Zethus histrionicus (Eumeninae); 
Cerceris sp. (Sphecidae); 
Megistommum sp. (Sphecidae); 
Psammaletes sp. (Sphecidae); 
Neotheronia spp. (Ichneumonidae); 
Dolichomitus zonatus (Ichneumonidae); 
Hyposoter sp. (Ichneumonidae); 
Carinodes spp. (Ichneumonidae); 
Labidogonalos (Trigonalyidae); 

some Conura spp. (Chalcididae); 
Neoplisus sp. (Sphecidae); 
Pseudoplisus sp. (Sphecidae). 
Polistomorpha fasciata (Leucospidae); 


Zeta argillaceum (Eumeninae); 
Neotheronia spp. (Ichneumonidae); 


Dolichomitus annulicornis (Ichneumonidae). 


Joppidium sp. (Ichneumonidae). 


Lycogaster (Trigonalyidae); 
Cryptopteryx sp. (Ichneumonidae). 


becoming increasingly urbanized their importance as 
urban pests will probably continue to grow (Davis, 
VO): 

The most frequent and problematic urban wasp 
pests in Costa Rica are Polistes species, which often 
nest on houses and become aggressive when disturbed 
by movements near the nest. Polybia species com- 
monly build their familiar light grey globe-like nests, 
high up beneath the eaves of buildings or on large 
leaves of cultivated plants. Since these colonies are 
innocuous if undisturbed many families leave them 
intact due to the beauty of the nests. Occasionally the 
cavity nesting Agelaia species take advantage of wall- 
spaces or discarded containers to build their unen- 
veloped nests. Fortunately the most aggressive, 
large-colony species such as Agelaia areata and 
Brachygastra species, usually build nests either high up 
in trees, or in rural areas, where they seldom harm 
people. 

If a wasp nest must be removed, the most effective 
way to do it is at night, when most wasps are inside 
the nest and relatively calm. It is important not to 
shine a light directly on the nest, or jar the surround- 
ing area, as this will alert the wasps. By careful plan- 
ning it is usually possible to place a jar over the nest 
or surround it completely with a plastic bag (without 
disturbing the wasps), and then quickly scrape it from 
the substrate. If the nest is to be sprayed this is also 
best done at night, by a fleet-footed person wearing 
protective clothing. 

On the other hand, as predators, polistines are 
useful biological control agents of agricultural pests, 
and entomophobic tendencies to exterminate them 
wantonly ought to be controlled. Polistes canadensis 
and P. erythrocephalus for example, are important 
predators of the cassava hornworm, Erinnyis ello 
(Sphingidae) in Colombia (Belotti & Schoonhoven, 
1978). There has been some discussion of the possibil- 
ity of managing vespid wasps for purposes of biologi- 
cal control (Gallego, 1950; Rabb, 1960; Gillaspy, 
1979, in Breed et al., 1982, in Vinson, 1986). 
Although attempts to manipulate social wasps in pest 
management programmes have been unsuccessful, 
natural populations are probably common predators 
of lepidopterous pests (see also Chapter 3). 


Identification. Richards (1978) provided keys to 
the genera and species of Polistinae of the New 


World. Subsequent nomenclatural changes and 
descriptions of new Central American species have 
been published by Snelling (1983a), Carpenter and 
Day (1988), Carpenter and Wenzel (1988, 1989), 
and Carpenter (1993). Keys to the Costa Rican 
species of Polistinae are being prepared by Starr and 
Snelling. 


Key to the genera of Polistinae occurring 
in Costa Rica 


1 Metasomal segment I subsessile, evenly conical 
in dorsal view (Fig. 15.37); propodeum with 
orifice dorsally acute; pronotum with a carina 
posterior to the lateral fovea only (Fig. 15.43). 

[Large wasps, fore wing length 10 mm+.] .. 
EESTI TOO OO Reconoce Polistes 

—  Metasomal segment I differently shaped, in dorsal 
view basally petiolate to long-petiolate or 

sessile with width greater than length (Figs 
15.38-15.42); propodeum with orifice often 
broadly rounded dorsally; pronotum with a 

carina anterior to the lateral fovea, if the latter 
ISIDreSEDBI(EIg n] .532:) cc 2) 


2 Mid and hind tarsi with third and fourth seg- 
ments asymmetrical, inner lobe longer than 
outer lobe (Fig. 15.45); fore coxa not dorsolat- 
erally produced; metasomal segment I petio- 
late, in dorsal view with width half or less that 
of II, and at least twice as long as wide. .......... 
VIEWS diis cssc ANA Mischocyttarus 

— Mid and hind tarsi with third and fourth seg- 
ments symmetrical; fore coxa usually dorsolat- 
erally produced; metasomal segment I 
waniouslysshaped,. ... eter 3 


3 Pronotum without lateral fovea (Figs 15.46, 


IE AAA vas RRE: « <P 4 
— Pronotum with lateral fovea, which is sometimes 
shallow: (Figsalib.48—15.5 1 ciao 8 


4 Scutellum angled in profile; metanotum com- 
pressed, vertical (Fig. 15.46); head with occip- 
ital carina present dorsolaterally; pronotum 
without pretegular carina. 

IBodvistoutemm mm S Brachygastra 


10 


Scutellum rounded in profile (Fig. 15.47); metan- 
otum not compressed or vertical; head without 
occipital carina; pronotum with pretegular 
RC co A  — E 5 


Fore coxa dorsolaterally produced (Fig. 15.52). .. 


O cananea a RR 6 
Fore coxa not dorsolaterally produced 
(error sna — — — 7 


Clypeus apically emarginate (Fig. 15.54); pro- 
pleuron without a lateral, crenate groove; 
cuticle black, bare and shining. .......... Epipona 

Clypeus apically bluntly pointed (Fig. 15.55); 
propleuron with lateral, crenate groove 
(Fig. 15.47); cuticle not shining. . Metapolybia 


Head, in lateral view, with gena narrower than 
eye at ocular sinus (Fig. 15.56); clypeus 
longer than wide; propodeum posteromedially 
COIIGOVONN. -. sooo erue eene ee CERTE irea Clypearia 

Head, in lateral view, with gena as wide or wider 
than eye at ocular sinus (Fig. 15.57); clypeus 
at most as long as wide; propodeum postero- 
medially convex. 

[Large, bluish-black wasps.] ............ Synoeca 


Pronotum with dorsal carina sinuous in lateral 
view (Fig. 15.48); fore wing with prestigma 
about as long as pterostigma. 

[Most species have dark wings with pale 
lr Parachartergus 

Pronotum without sinuous carina; fore wing 
with prestigma shorter than pterostigma. .... 9 


Mesoscutum with posterolateral lamella absent 
anteriorly, not adjoining tegula (Fig. 15.58). 


ee E a ECEEEETT TETTE EPIIT 10 
Mesoscutum with posterolateral lamella present 
adjoining tegula (Fig. 15.59). emere 12 


Metanotum produced posteromedially into elon- 
gate lobe overlapping the propodeum 
(BECAUSE O) rone Protopolybia 

Metanotum without posterior lobe. ................ 11 


11 


WZ 


JS 


14 


15 


16 


Clypeus apically truncate, longer than wide 
(Fig. 15.60); head, in lateral view, with gena 
narrower than eyes just below ocular sinus; 
metasomal segment I, in dorsal view, with 
short petiole, posteriorly about as broad as 
Ctepputeal(Eio- rocosa Charterginus 

Clypeus apically bluntly pointed or rounded, at 
most as long as wide (Fig. 15.61); head, in 
lateral view, with gena usually wider than 
eyes just below ocular sinus; metasomal 
segment I, in dorsal view, posteriorly much 
narrower than tergite II (Fig. 15.42) ... Polybia 


Ocelli enlarged, separated from eyes by less than 
an ocellar diameter (Fig. 15.62); hind wing 
with jugal lobe reduced. ........................ Apoica 

Ocelli normal, separated from eyes by more than 
an ocellar diameter (Fig. 15.63); hind wing 
with jugal lobe normal, not reduced. ......... 13 


Head, in dorsal view, with occipital carina 


pres CAI ta 14 
Head, in dorsal view, with occipital carina absent 
E en ee 15 


Mesepisternum with a dorsal subhorizontal 
groove (cti 15.50) eS Agelaia 
Mesepisternum without a dorsal subhorizontal 
groove (cf Figs 15.49, 15.51). 
[Small pale yellow wasps.] .......... Leipomeles 


Metanotum vertical; scutellum more or less 
angled in profile (Fig. 15.49); pronotal keel 
extending down behind lateral fovea. 

[Small yellow wasps. ] ................ Nectarinella 

Metanotum not vertical; scutellum rounded in 
profile (Figs. 15.50, 15.51); pronotal keel not 
extending down behind lateral fovea. ........ 16 


Mesepisternum without dorsal subhorizontal 
groove (Fig. 15.51); palp formula 5: 3. 
[Very stout, black with red face.] ................. 
ONO oo OA Chartergellus 
Mesepisternum with dorsal subhorizontal groove 
present, at least as anterior trace (Fig. 15.50); 
palprormulato de on Pseudopolybia 


LATERAL 
FOVEA 


SCUTELLUM 
45 
METANOTUM 


Figs 15.37-15.46. Polistinae. Figs 15.37-15.40. Propodeum and base of metasoma, dorsal; 15.37, Polistes sp.; 15.38, Apoica 
sp.; 15.39, Parachartergus sp.; 15.40, Protopolybia sp. Figs 15.41-15.42. Tergite I, dorsal; 15.41, Charterginus sp.; 15.42, Polybia 
sp. Figs 15.43-15.44. Pronotum, lateral; 15.43, Polistes sp.; 15.44, Apoica sp. Fig. 15.45. Distal part of hind tarsus, 
Mischocyttarus sp. Fig. 15.46. Mesosoma and base of metasoma, lateral, Brachygastra sp. 


SCUTELLUM METANOTUM 


47 PROPLEURON 


METANOTUM 


Figs 15.47-15.53. Polistinae. Fig. 15.47. Mesosoma and base of metasoma, lateral, Metapolybia sp. Fig. 15.48. Head and 
pronotum, lateral; Parachartergus sp. Figs 15.49-15.51. Mesosoma, lateral; 15.49, Nectarinella sp.; 15.50, Pseudopolybia sp.; 
15.51, Chartergellus sp. Figs 15.52-15.53. Fore coxa, anterior; 15.52, Metapolybia sp.; 15.53, Synoeca sp. 


54 


56 Uu 57 58 


OCCIPITAL 
CARINA 


Figs 15.54—15.63. Polistinae. Figs 15.54—15.55. Clypeus; 15.54, Epipona sp.; 15.55, Metapolybia sp. Figs 15.56-15.57. Head, 
lateral; 15.56, Clypearia sp.; 15.57, Synoeca sp. Figs 15.58-15.59. Wing base; 15.58, Charterginus sp.; 15.59, Agelaia sp. Figs 


15.60-15.61. Head, frontal; 15.60, Charterginus sp.; 15.61, Polybia sp. Figs 15.62-15.63. Head, dorsal; 15.62, Apoica sp.; 
15.63, Pseudopolybia sp. 


Synopsis of the Costa Rican fauna. 


In Costa Rica there are 17 genera and about 90 
species of Polistinae. The Costa Rican polistines are 
predominantly South American in their affinities with 
several species reaching the northern limit of their dis- 
tribution here, especially on the Osa Peninsula (Starr 
& Snelling, in prep.). A few species reach the southern 
limit of their distribution in Costa Rica—Agelaia xan- 
thopus, Brachygastra mellifica, Metapolybia azteca, 
Mischocyttarus immarginatus, M. melanarius, Polistes 
dorsalis, P. instabilis, and P. oculatus (Starr & Snelling, 
in prep.). The majority of species occur in the low- 
lands (below about 1200 m) but a few are character- 
istic of higher altitudes (above 1500 m) and these 
tend to be dark coloured (e.g. Agelaia xanthopus, 
Polistes aterrimus, Polybia aequatorialis tristis), 
Following are the genera and species of Polistinae 
present in Costa Rica, with brief descriptions of nests 
[CR = new record for Costa Rica identified by 
Carpenter;“® (S) = identified by Starr and Snelling]. 


POLISTINI 


This tribe comprises a single genus Polistes which is 
cosmopolitan. 


Polistes. A genus comprising more than 200 
species, that is most species-rich in the tropics. 
Sixteen species are known to occur in Costa Rica: 
apicalis “R (S), aterrimus, bicolor* (S), canadensis, 
carnifex, dorsalis, erythrocephalus, goeldii ® (S), infus- 
catus ® (S), instabilis, major, myersi, oculatus ® (S), 
pacificus, testaceicolor and versicolor. Nest: simple, 
exposed, stalked comb. 


MISCHOCYTTARINI 
An exclusively New World tribe comprising a single 
genus. 


Mischocyttarus. A large, New World genus com- 
prising over 200 described species with a cumula- 
tive range extending from southwestern Canada 
south to northern Argentina. Nineteen species occur 
in Costa Rica: alienus, angulatus, atramentarius, atro- 
cyaneus, basimacula, cleomenes, collarellus ©® (S), 
costaricensis, fraudulentus, immarginatus, labiatus 
(S), mastigophorus, melanarius, mexicanus €*, nigro- 
clavatus, pallidipectus, pelor, tolensis and vaqueroi®®. 


Nest: simple exposed, stalked comb; more variable 
than in Polistes. 


EPIPONINI 


This large tribe (which is more or less equivalent to 
the Polybiini sensu (Richards, 1978) excluding 
Mischocyttarus and three Old World genera) com- 
prises 22 genera in the New World, 15 of which are 
represented in Costa Rica. A preliminary phylogeny 
of the group was presented by Carpenter (1991). The 
New World genera not represented in Costa Rica are 
small groups principally confined to the equatorial 
parts of South America; only one, Angiopolybia, is 
known to have a range extending into Central 
America, where it is represented in Panama 
(Richards, 1978). 


Agelaia (— Stelopolybia). A rather small tropical 
American genus comprising 22 described species 
with a cumulative range from Mexico to northern 
Argentina. Eight species are known to occur in 
Costa Rica: areata, cajennensis, multipicta, myrme- 
cophila, pallipes, panamaensis, xanthopus and 
yepocapa. Nest: usually in cavities, several concen- 
tric curving combs joined by pedicels and suspended 
from above; A. myrmecophila may be an obligate 
associate with Azteca ants (Richards, 1978); A. 
areata builds an enveloped nest in exposed sites 
(Jeanne, 1973). 


Apoica. A small tropical genus with a cumulative 
range extending from Mexico southwards to north- 
ern Argentina. Eight species have been described, 
and three are known to occur in Costa Rica: pallens, 
strigata “R (S) and thoracica. Apoica species are noc- 
turnal, and individuals can be frequently collected 
at lights at night. Nest: flat comb in form of inverted 
saucer or cone, attached (sessile) to small twig or 
stem (Fig. 15.06). 


Brachygastra. A moderately small genus compris- 
ing 16 species with a cumulative range that extends 
from the southwestern United States to Argentina. 
Five species are known to occur in Costa Rica: 
augusti, lecheguana, mellifica, scutellaris and smithii. 
Nest: each comb covered and fused with envelope. 
Some species store greater quantities of nectar in 
the nest than in other polistines hence their 
common name, ‘honey wasps’. 


Chartergellus. A small genus containing eight 
described species that range from southeastern 
Brazil north to Costa Rica where one species is 
known to occur: atectus. Nest: several combs hang 
from a leaf or branch by lateral pedicels, parallel to 
each other, not attached to envelope. 


Charterginus. A small genus comprising six species 
with a cumulative range extending from Honduras 
south to equatorial South America. Only one 
species, C. nevermanni, is known to occur in Costa 
Rica, though a second species occurs in Panama 
(Richards, 1978). Nest: single widely stalked comb 
surrounded by an envelope (often star-shaped), exit 
hole beneath (between comb and substrate) 
(Fig. 16.08). 


Clypearia. A small tropical genus comprising seven 
species with a cumulative range extending from 
Southern Mexico to Bolivia. Only one species, C. 
naumanni, occurs in Mesoamerica, and it has been 
found to occur in Costa Rica. Nest: unstalked comb, 
flat on substrate, covered by envelope. 


Epipona. A small genus comprising three wide- 
spread species that have a range extending from 
Mexico south to Bolivia. Two species, guerini and 
niger, occur in Costa Rica. Nest: each comb covered 
and fused with envelope. Envelope of strong card- 
board-like material tapering to eccentric entrance at 
bottom. 


Leipomeles. A small genus with two species that 
cumulatively range from Costa Rica to Brazil. Only 
one, dorsata, has been taken in Costa Rica. Nest: 
several horizontal stalked combs, which may 
become fused, on the undersurface of leaves, with a 
very delicate flattened envelope; exit hole near 
leaf tip. 


Metapolybia. A moderately small genus with 11 
described species that have a cumulative range 
extending from Mexico to Paraguay. Three species 
occur in Costa Rica: azteca, aztecoides and docilis. 
Nest: unstalked comb, flat on substrate, covered by 
envelope, often containing many small transparent 
‘windows’ (Fig. 15.05). 


Nectarinella. A small genus that includes a single 
species, N. championi that ranges from Costa Rica 
south to Colombia. Nest: unstalked comb, flat on 
substrate, covered by envelope bearing minute hair- 
like sticky stalks. 


Parachartergus. A moderate sized genus com- 
prising 16 described species that have a cumula- 
tive range extending from Mexico south to 
. Argentina. Three species occur in Costa Rica: api- 
calis, aztecus and fraternus. Nest: several combs 
hang from a leaf or branch by lateral pedicels, 
parallel to each other, not attached to envelope. 
Envelope of delicate paper, tapering downward to 
entrance which is often produced as a tube 
(Fig. 15.04). 


Polybia. A moderately large genus comprising 
more than 50 described species with a cumulative 
range extending from the southwestern United 
States to Argentina. Fifteen described species are 
known to occur in Costa Rica: aequatorialis, bar- 
bouri, belemensis, diguetana, emaciata, flavitincta, 
flavifrons, nidulatrix, occidentalis, parvulina, raui, 
rejecta, scrobalis, simillima and tinctipennis. Nest: 
each comb covered and fused with envelope (e.g. 
Fig. 15.07); in P. emaciata the envelope is made of 
mud; the large nests (up to 60-70 cm long) of 
P. rejecta are often associated with Azteca or 
Pseudomyrmex ants (Richards, 1978; Windsor in 
Janzen, 1983). 


Protopolybia (= Pseudochartergus). A moderate 
sized genus containing 28 species with a cumula- 
tive range from Guatemala south to Argentina. 
Seven species are known to occur in Costa Rica: 
acutiscutis, chartergoides, exigua, panamensis, perful- 
vula, picteti and scutellaris. Nest: one, two or (in P. 
acutiscutis) many combs, each in its own envelope 
and with its own exit hole. 


Pseudopolybia. A small genus with four species 
that cumulatively range from Nicaragua to Bolivia. 
Only one species, P. compressa, occurs in Costa Rica. 
Nest: several combs, one below the other, sur- 
rounded by an independent envelope. 


Synoeca. A small genus with five described species 
that cumulatively range from Mexico to 
Argentina. Two species occur in Costa Rica: chal- 
ibea “R (S) and septentrionalis. Nest: unstalked 
comb, covered by envelope, flat on substrate, espe- 


cially on smooth barked trees (Fig. 15.03) such as 
Bursera simaruba (Burseraceae) (Stevens in Janzen, 
1983). Envelope highest at centre, with marked 
corrugations, entrance above, slightly produced as 
short lip. 


Fig. 16.01. Paraponera clavata. 


Diagnosis. Completely winged (males, and at least 
for a short time after eclosion, queens) or apterous 
(workers). Head prognathous in female castes (worker 
and queen); antennae elbowed, with an elongate basal 
segment (scape), female castes with 4 to 12 segments, 
males with 9 to 13 segments. When wings present, 
the hind wing generally lacking lobes (except in some 
Ponerinae) and with O to 2 enclosed cells present. 
Metapleural gland present on mesosoma, opening 
above hind coxa, sometimes the gland secondarily 
reduced or lost. Metasomal segment I always reduced and 
isolated from the remaining metasomal segments to form a 
distinct node or scale (petiole); frequently metasomal 
segment II also reduced and isolated (postpetiole). 
Males often bear little resemblance to queens and 
workers, being smaller, more fragile, and with smaller 
heads and relatively larger eyes and ocelli. 


Classification and distribution. The phylogenetic 
relationship of the Formicidae is uncertain and 
authors disagree about where to place the family 
within the Aculeata. Wilson et al. (1967a & b) placed 
the Formicidae closest to the methochine Tiphiidae 
whereas Brothers (1975) and Brothers and Carpenter 


(1993) place the ants with the Rhopalosomatidae, 
Bradynobaenidae, Scoliidae and Vespidae, apart from 
the Tiphiidae, Pompilidae, Mutillidae and Sapygidae 
(see Chapter 14). 

Worldwide the Formicidae comprises 16 subfamilies 
(Baroni Urbani et al., 1992), about 300 genera, and 
roughly 8800 species (Hólldobler & Wilson, 1990a). 
In Costa Rica there are seven subfamilies and 81 
genera. At the time of this writing the number of 
Costa Rican species known to the authors is approxi- 
mately 620. Most future increases in known Costa 
Rican species-richness will probably come from 
teasing apart complexes of sibling species, rather than 
discovering conspicuously distinct species. The four 
largest subfamilies, in terms of both species-richness 
and abundance, are the Ponerinae, Myrmicinae, 
Dolichoderinae and Formicinae. Three smaller 
subfamilies, the Cerapachyinae, Ecitoninae and 
Pseudomyrmecinae are also present in Costa Rica. All 
of these groups are cosmopolitan, except Ecitoninae, 
which is restricted to the New World. 

Local species-richness of ants in Costa Rica, as else- 
where in the tropics, can be quite high. Crowns of 
large canopy trees can host up to 50 species. The soil 


and leaf litter on the forest floor is similarly species- 
rich, and there is almost no overlap in species 
between the canopy and the forest floor (Longino 
unpubl.). In a study of Peruvian rainforest canopy, 
Wilson (1987) reported high within-tree richness (43 
species in one crown), but relatively low between-tree 
heterogeneity. The same is true in lowland rainforest 
in Costa Rica. Most canopy ant species are wide- 
spread and can be repeatedly sampled in trees of 
many different species. The marked degree of host- 
plant specificity that contributes to the high diversity 
of phytophagous insects does not occur in ants. Ant 
diversity remains high from sea-level up to between 
800 and 1000 metres, but drops precipitously above 
this altitude. At 2500 metres very few species of ants 
occur and above this elevation they are essentially 
absent, other than as occasional alates that have 
flown up from lower elevations. 

Ongoing research suggests that many ant species 
have narrow altitudinal ranges. Collections made 
along elevational transects reveal numerous cases of 
altitudinal zonation, particularly in genera such as 
Cyphomyrmex, Stenamma, Neostruma, Strumigenys, 
Hypoponera and Pachycondyla. What previously were 
thought to be single ant species are being resolved 
into sets of several cryptic species, segregated by eleva- 
tion, and with largely parapatric distributions 
(Longino, unpubl.). This seems to be particularly true 
of leaf litter ants. Broad biogeographic patterns of ants 
are similar to those for plants (e.g. Gentry, 1982). For 
example, many ant species in Guanacaste are at the 
southern limits of their ranges, which extend north- 
ward through Central America to southern Mexico. 
Some species of the Atlantic lowlands (e.g. Azteca 
xanthochroa) appear endemic to Central America, 
but have their closest relatives in South America 
(Longino, 1991), The wet forest of the southern 
Pacific coast seems even more South American in 
affinities than the forests of the Atlantic lowlands. The 
high density and diversity of Azteca species, in particu- 
lar, is more similar to South American forests than to 
other Costa Rican forests. 

A number of ant species are referred to as ‘tramp 
ants’. These are closely associated with human activ- 
ity and have been inadvertently transported by com- 
merce, so that they now are widely distributed 
throughout the tropics (and in some cases in cen- 
trally-heated buildings in temperate regions). Tapinoma 
melanocephalum, the ‘crazy ant’, can be found on 


kitchen tables almost anywhere in the lowland 
tropics. Other tramp species found in Costa Rica 
include Paratrechina longicornis, Monomorium pharao- 
nis, Tetramorium bicarinatum and Wasmannia auropunc- 
tata (perhaps the only native tramp). Tramp ants are 
remarkably quick at colonizing human habitations, 
even isolated households deep in the forest, yet they 
are very rarely found in surrounding forested habitats. 


Biology. There is a vast amount of literature avail- 
able on the biology of ants, much of it being summar- 
ized by Wheeler (1910), Sudd and Franks (1987), and 
especially Hólldobler and Wilson (1990a). It is only 
possible to present a brief synopsis of this literature 
here. 


Sociality. Ants are the only family of Hymenoptera 
where all species are eusocial—i.e. live in colonies of 
related individuals, have overlapping generations, and 
exhibit reproductive division of labour—or have 
secondarily lost sociality by becoming workerless social 
parasites (see chapter 2.6). Female ants occur as two 
or more distinct castes, the principal division being 
between queens and workers. In general, queens have 
a functional reproductive system, ocelli, and for a short 
period following eclosion, wings. Workers are gener- 
ally either sterile or capable of producing only unfer- 
tilized, male-producing eggs, often lack ocelli, and 
never have wings. The degree of differentiation 
between queens and workers varies considerably. In 
army ants and some myrmicines the queen is many 
times larger than workers, whereas in some ponerines, 
workers and queens are barely distinguishable and 
differ only in the presence or absence of ocelli. 
Typically, an enlarged mesosoma with black wing scars 
on the sides also distinguishes queens from workers. 

In many species of ants the workers in a colony are 
all similar in size and shape, and such species are 
termed MONOMORPHIC. In other species there are 
comparatively large and substantially smaller worker 
individuals (castes) in the same colony. Such caste dif- 
ferentiation is determined by pheromonal control 
and/or food supply. CONTINUOUSLY POLYMORPHIC 
species such as Eciton, Atta, Azteca and most Cam- 
ponotus exhibit continuous variation in worker size 
from the smallest (minor) workers to the largest 
(major) workers. In contrast, DIMORPHIC species, 
such as Pheidole, some Camponotus and most Zacryp- 
tocerus, have two discrete size classes of workers, the 
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minor and major workers, with no intermediates. Size 
differences between workers is often correlated with 
division of labour, and in these cases the size variation 
is also distinctly allometric (Hólldobler € Wilson, 
1990a). However, there are usually more tasks 
than there are castes. For example, in leaf-cutting 
ants (Atta) four physical castes perform a total of 20 
to 30 tasks. 

Worker polymorphisms are found in some species of 
only 15 percent of the ant genera (Hólldobler & 
Wilson, 19902). Nearly all Ponerinae are monomor- 
phic, the major exception being the specialized termite 
predators (Wheeler, 1936), such as Pachycondyla laevi- 
gata (D. Feener, pers. comm.). Although physically dis- 
tinct worker castes are relatively uncommon in ants, 
nearly all species have temporal castes, i.e. the adult 
workers change roles as they grow older, typically 
passing from nurses within the nest to foragers outside 
the nest. Even in polymorphic ants each physical caste 
often passes through changes in behaviour with 
ageing. In the case of leaf-cutting ants, for example, 
three of the four physical castes pass through two tem- 
poral castes; thus the total number of castes, physical 
and temporal, is seven (Wilson, 19804). 

A typical colony life cycle begins with a newly 
mated queen who initiates a colony by herself. 
Depending on the species, she may periodically forage, 
or remain permanently sealed in a nest chamber, 
rearing a first generation of workers on her own body 
stores of fat and protein. Once workers are produced 
they take over all duties of brood care, nest construc- 
tion, and foraging. The colony undergoes a growth 
phase, during which only workers are added to the 
population. This growth phase is followed by a repro- 
ductive phase, when males and new winged queens 
are produced. These males and new queens (called 
alates) fly from the nest and mate during a NUPTIAL 
FLIGHT, which usually occurs at a particular hour, 
depending on the species (McCluskey, 1965, 1987). 
Males die very soon after leaving the nest. The newly 
mated females generally search for new nest sites, 
dropping their wings at some point during the process. 
The season of reproduction varies between species. 
Some, such as the Azteca species that inhabit Cecropia 
trees, produce alates continuously over long time 
periods, while others, such as Atta species, have peri- 
odic synchronized flights that are presumably trig- 
gered by environmental cues such as rainfall. Within 
species, there often appears to be great variation in 


the proportion of males to new queens produced; some 
colonies will produce almost all males, while others 
produce almost all females (a phenomenon discussed 
by Helms & Rissing, 1990). 

Most ant species are MONOGYNOUS, with a single, 
egg-laying queen. A few species are POLYGYNOUS, 
with more than one dealate, mated queen (not to be 
confused with multiple unmated alate queens residing 
in the parent colony prior to the nuptial flight). In 
general polygyny appears to be correlated with small 
populations, specialized nest sites, or variable food 
supply (Hólldobler & Wilson, 1990a). In Costa Rica, 
several species of arboreal, polydomous (see below 
under nests) ants are polygynous, with queens spread 
throughout the colony in many nests. UNICOLONIAL 
species represent an extreme form of polygyny. They 
have enormous, sprawling populations with no terri- 
torial boundaries or obvious limits to the colony. A 
possible example in Costa Rica is a species in the 
Crematogaster parabiotica species-complex, which in 
certain sites in the Atlantic lowlands, appears to occur 
in nearly every tree canopy, with clusters of queens, 
workers and brood dispersed under epiphyte mats and 
in dead wood. 

An exception to the standard colony cycle is 
SOCIAL PARASITISM, where one ant species is para- 
sitic on other ant species. In some cases, a parasitic 
queen enters the colony of a host species, kills the 
colony queen, and uses the host workers to rear her 
own brood. In other cases, parasitic species have 
workers that raid colonies of host species, bringing 
workers back as slaves. The slaves then work as for- 
agers for the parasite colony, helping to rear the para- 
sites' brood. In general, parasitic species tend to be 
locally distributed and to exist in small populations, 
and thus new cases continue to be discovered. In 
Switzerland, which probably has been more íhor- 
oughly studied than anywhere else, one third of the 
species are parasitic. However, social parasitism is vir- 
tually unknown in the tropics, and it is unclear 
whether this absence is real or simply due to lack of 
study. 

In contrast to obvious social parasitism, cohabita- 
tion of the same nest (termed PARABIOSIS by Forel, 
1898; see also Swain, 1980; Wheeler, 1986a) and use 
of the same foraging trails (Camponotus beebei and 
Azteca chartifex—Wilson, 1965; Zacryptocerus macula- 
tus and Azteca—Adams, 1990) are common in the 
tropics. The exact nature of these relationships, 


whether mutualistic, parasitic or commensalistic, is 
unknown. 


Nests. An ant nest is not the same as an ant colony, 
and the distinction is particularly important for tropi- 
cal ant faunas. A colony is a genetically defined unit 
composed of the ants themselves: one or more queens 
and their descendants, functioning as a family unit, 
and maintaining their identity with respect to other 
such units (except in unicolonial species). In contrast, 
a nest is a physical structure that ants use for shelter. 
This distinction is important because of POLYDO- 
MOUS species—those where a colony is distributed in 
more than one nest. A nest of a polydomous colony 
contains only a portion of the colony, sometimes only 
workers, sometimes workers and brood. Often in large 
polydomous colonies the outlying nests are relatively 
conspicuous and contain only workers and brood, 
while the nest with the colony queen is very well 
hidden and/or highly defended. In Costa Rica polydo- 
mous colonies occur in some species of Crematogaster, 
Azteca, Dolichoderus, Camponotus and Myrmelachista, 
at least one species of Solenopsis and in Wasmannia 
auropunctata. 

Nesting behaviour is extremely varied in ants, and 
is an understudied aspect of ant biology. Differences in 
nesting habits may be far more striking than the mor- 
phological traits that distinguish species and genera. 
Species that are difficult to distinguish by standard 
morphological traits may be easy to identify in the 
field, based on nesting habits. For example, Azteca 
workers are notoriously difficult to distinguish by 
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morphology, yet some are Cecropia specialists, some 
nest in live stems of other plants, some nest in dead 
stems, and some build external carton nests. 

The simplest nests are pre-existing cavities in soil, 
leaf litter, or dead wood. Some Cyphomyrmex species 
nest between two dead leaves in the leaf litter. Species 
of Hypoponera, Gnamptogenys, Pheidole, Strumigenys 
and many others, occupy cavities left by beetles and 
other burrowing insects in rotten logs. Highly mobile 
species of Paratrechina, Tapinoma and Camponotus will 
readily move into a closed umbrella or a box of clothes 
left on a porch overnight. Other ants excavate their 
own nests in the soil. For many Pheidole, the nest is a 
single gallery leading to a simple chamber a few cen- 
timetres below the ground. A nest of Atta cephalotes or 
Megalomyrmex modestus consists of many galleries 
leading to many different chambers. The excavated 
soil may be distributed so as to leave no sign of the 
entrance hole, or it may be piled in variously shaped 
cones, craters, or mounds many metres across, as pro- 
duced by Atta species (Fig. 16.02). 

Arboreal ants either occupy pre-existing cavities 
excavated by stem-boring insects or they excavate 
their own cavities. Species that nest in live stems have 
a range of specificity, some using a number of different 
plant species and others only a single plant species— 
the most specific ants often forming ant-plant associ- 
ations (see below). Species of Azteca, Camponotus, 
Crematogaster and Pheidole use construction materials 
to form walls, galleries and nests (Longino, 1986). In 
wet forest understorey, some species of Pheidole, 
Crematogaster and Cyphomyrmex form very fragile 


Fig. 16.02-16.03. Nests of the Attini. Fig. 16.02. Part of the site occupied by the entrance to a nest of Atta cephalotes in La 
Selva. Note the metre rule in the foreground. Fig. 16.03. A nest of Apterostigma sp. on the underside of a leaf in La Selva. The 


entire nest, made from fungus, is around 5cm in length. 


nests from accreted soil. Several species of 
Apterostigma nest in trees, their fungal gardens 
hanging under leaves (Fig. 16.03) and branches, in 
cavities on tree trunks, or in the stilt roots of palms. In 
more exposed areas, higher in the canopy and at 
forest edges some ants, such as species of Azteca and 
Crematogaster, manufacture a more resistant carton of 
chewed plant fibres. The carton varies between ant 
species in coarseness, thickness, texture, colour and 
strength. Dendromyrmex species and Camponotus senex 
reinforce their carton with larval silk, making a very 
strong material (Schremmer, 1979; Wilson, 1981; 
Hoólldobler & Wilson, 1983). 

Ants also vary greatly in how they use carton. 
Some, such as Crematogaster torosa, use it only for par- 
titions inside plant stems, and often for baffles at the 
nest entrance. Others, such as C. stolli and Azteca 
foreli, build extensive gallery systems over trunks and 
branches, connecting dispersed nest cavities and/or 
sheltering Homoptera. Some species build exposed 
nests entirely out of carton. In Costa Rica, Azteca 
schimperi and a species in the A. chartifex species- 
complex build massive nests suspended from branches 
of canopy trees. Species of Tapinoma, Paratrechina and 
Pheidole build tiny carton nests clinging to the under- 
sides of individual leaves. Some ant species tolerate 
and/or foster epiphytes growing on their carton nests, 
and in some cases the epiphyte species are specialized 
inhabitants of these ‘ant gardens’ (Wheeler, 1921; 
Weber, 1943; Davidson, 1988; Davidson & Epstein, 
1989). Highly developed ant gardens in Costa Rica 
are formed by: 


1) an Azteca species near uli, possibly gnava; 

2) an undescribed Crematogaster; 

3) a parabiotic association between a Crematogaster 
species in the parabiotica complex and Odontomachus 
panamensis; 

4) a recently discovered Pheidole in Monteverde. 


In other cases, especially in the wet forest under- 
storey, ant carton is colonized by a diverse assemblage 
of unspecialized epiphytes (Longino, 1986). This type 
of unspecialized or diffuse use of ant carton is 
exemplified by the nests of Crematogaster longispina 
(Kleinfeldt, 1978). 


Foraging. Although a foraging function is general to 
all ant workers, there is great variety in when and 
how they forage, what foods they take, and how 


specific they are. Each ant species has a daily foraging 
schedule, some being primarily diurnal, others noctur- 
nal. Paraponera clavata for example tends to be mostly 
a nocturnal forager, although there is some activity 
during the day (Harrison & Breed, 1987). Two differ- 
ent daily patterns have been observed in Azteca alfari 


(Barnwell, 1967). In the leaf-cutting ant, Atta 
cephalotes, diel foraging pattern is determined by the 
activity of phorid flies—the ants forage less when the 
phorid parasitoids are most active (Wetterer, 1990a; 
Orr, 1992; Feener & Brown, 1992). 

Ant species use a variety of procedures for discover- 
ing (hunting) and retrieving food (Traniello, 1989). 
These procedures may be understandable in terms of 
optimal foraging theory (specifically, central place for- 
aging) which assumes that foraging behaviour is 
shaped by the need to maximize net energy yield. 
Foraging ants also need to avoid predators, especially 
visually hunting vertebrates. The diverse foraging 
strategies of ants can be classified by the particular 
combination of hunting, retrieving and defence that is 
employed (Hólldobler & Wilson, 1990a): 

Hunting: 1) by solitary workers, 2) by individual 
workers following trunk trails, 3) by groups of 
workers searching in concert. 

Retrieving: 1) by solitary workers who return to the 
nest on their own, 2) by individual workers who 
return along persistent trunk trails, 3) by individual 
workers recruited to the food sites by scouts that lay 
down chemical trails (see Chapter 2.6), 4) by groups 
of workers who gang-carry the food items. 

Defence: 1) by guard workers during hunting, 2) by 
guard workers during harvesting and retrieval of food 
(e.g. in Atta, the small 'hitchhiking' caste that rides 
on leaf fragments being carried back to the nest in 
order to defend against phorid parasitoids—Feener & 
Moss, 1990; see Chapter 2.7). 

The kinds of foods ants use vary from species to 
species. Many are generalized scavengers, feeding 
mainly on dead insects and various sugar sources. The 
sugar sources include extrafloral nectaries on plants, 
and exudates (honeydew) from Homoptera (in the 
tropics, primarily Coccoidea, Membracidae and 
Aetalionidae). Omnivorous scavenger species are the 
ants most often encountered at baits of tuna or honey. 
More specialized diets are sometimes reflected in modi- 
fications of the mandibles. A common modification in 
predatory species is for the mandibles to be greatly 
elongate with fork-like teeth at the apex, and with the 


ability to snap shut like a trap (Moffett, 1986). Costa 
Rican ants with snapping mandibles include 
Acanthognathus, Anochetus, Odontomachus and 
Strumigenys (Brown & Wilson, 1959; Carlin & 
Gladstein, 1989). Another modification is seen in 
some seed-harvesting ants, in which the major 
workers have short, thick mandibles that they use to 
crack seeds. In Costa Rica, Solenopsis geminata is a fac- 
ultative seed harvester, and the major workers have 
seed-milling mandibles. 

Carnivorous ants that capture live prey include gen- 
eralized predators, which take a wide range of prey 
species and sizes, and highly specialized predators, 
which attack only a narrow range of prey (Hólldobler 
& Wilson, 1990a). Costa Rica hosts a rich assortment 
of prey specialists (Table 16.1), and undoubtedly 
many more await discovery and documentation. A 
good example is provided by Leptogenys, which 
includes at least three Costa Rican species that spe- 
cialize on isopods: ambigua, punctaticeps and cf. impera- 
trix. The last species is particularly conspicuous since 
it commonly nests in vertical banks along road cuts, 
and the ejected isopod shells form a grey streak below 
the nest entrance. 

Many specialized predators forage solitarily, but 


Ant species Prey 


PONERINAE 
Belonopelta deletrix 
Discothyrea spp. 
Gnamptogenys bispinosa 
Gnamptogenys hartmani (= turmalis; J. 
Lattke, pers. comm.) 
Gnamptogenys regularis 
Leptogenys spp. 
Pachycondyla laevigata 
Prionopelta amabili 
Proceratium spp. 
Simopelta spp. 
Thaumatomyrmex spp. 
CERAPACHYINAE 
Cerapachys spp. 
Cylindromyrmex spp. 
ECITONINAE 
Neivamyrmex spp. 
MYRMICINAE 
Smithistruma spp. 
Strumigenys spp. 
Trichoscapa membranifera 


arthropod eggs 
Myriapoda 
nests of Attini 
other ants (?) 
Isoptera 
arthropod eggs 


Pheidole colonies 
Polyxenidae 


other ants 
Collembola 


Collembola 
Collembola 


Table 16.1. 


Campodeidae, Japygidae, small Chilopoda 


terrestrial Isopoda 


Campodeidae, Geophilomorphidae 


Ants, esp. Pheidole 
Isoptera 


others attack en masse. Groups of up to 100 workers of 
Gnamptogenys bispinosa simultaneously attack large 
millipedes many times their size, each grasping a leg 
of the millipede and thus immobilizing it. Pachycondyla 
laevigata and Simopelta species are convergent with 
army ants (see below), attacking their prey (other 
social insects) in large, co-ordinated raids (Wheeler, 
1936; Gotwald & Brown, 1967), 


Army ants. Army ants have been called ‘the Huns and 
Tartars of the insect world’ (Wheeler, 1910), ‘compa- 
rable to a wolf pack, but with fifty thousand miniature 
wolves’ (Rettenmeyer in Janzen 1983). Also known as 
legionary ants, the army ants include three subfami- 
lies: the Dorylinae and Aenictinae of the Old World, 
and the Ecitoninae of the New World. They are char- 
acterized by Hólldobler and Wilson (1990a) thus: 


1) frequent and orderly colony migration; 

2) group foraging and raiding (i.e. individual workers 
move exclusively in groups); 

3) permanently wingless queens that have reduced 
eyes, strong legs, and a massive abdomen. 


The Ecitoninae, which occurs from the southern 
United States to northern Argentina, comprises about 


Source 


Wilson, 1955 

Brown, 1979 

pers. obs. 

pers. obs.; Brown, 1961; 
Mackay & Vinson, 1989 

pers. obs. 

pers. obs. 

Wheeler, 1936; pers. obs. 

Wilson & Holldobler, 1986 

Brown, 1979 

Gotwald & Brown, 1967; pers. obs. 

Brandao et al., 1991 


Hólldobler, 1982 
Overal & Bandeira, 1985 


Schneirla, 1971; pers. obs. 
Wilson, 1953 


Wilson, 1950, 1953 
Wilson, 1953 


Ants that are actual or likely specialized predators in Costa Rica. 


150 species in five genera (Kempf, 1972; Watkins, 
1976). Army ant colonies are large, ranging from 
about 30,000 to more than one million workers, but 
with only one queen (Rettenmeyer & Watkins, 1978). 
Workers are weakly to strongly polymorphic and in 
large species, such as Eciton burchelli, there are soldiers 
with long, hook-shaped mandibles. Smaller species 
(less than 5 mm long) usually lack a distinct soldier 
caste. Instead of a permanent nest, army ants form a 
massive cluster of ants—a BIVOUAC—which reassem- 
bles daily (in nocturnal species) or nightly (in diurnal 
species), and is located either above ground (epigaeic 
species) or below ground (hypogaeic species). Epigaeic 
species form hanging chains of ant bodies, linked to 
one another by their strong tarsal claws, inside hollow 
trees, between buttresses, under logs, etc. It should be 
noted, however, that most species of Ecitoninae are 
cryptic and subterranean (e.g. Neivamyrmex, the 
largest genus). 

Colonies of Eciton and at least some other army ant 
species follow an endogenous cycle whereby the 
behavioural and reproductive cycles are closely syn- 
chronized (Schneirla, 1971). In the best studied 
species, E. burchelli, the statary phase, when the 
colony remains in one bivouac site, coincides with 
transformation of larvae into pupae, and egg-laying 
by the queen. The migratory phase, when the colony 
changes bivouac site at the end of each day’s foraging, 
coincides with the emergence of new adult workers 
and the hatching of new larvae. Emigration to a new 
bivouac site occurs around dusk, when the workers 
stop bringing back food, and begin carrying larvae 
and accumulated food to a new site (usually 50 to 70 
metres distant). After most of the larvae have been 
transported (by about 20:00-22:00 hours) the queen 
makes the journey, surrounded by a large retinue of 
soldiers and unladen smaller workers (Rettenmeyer 
et al., 1978). 

Army ant species differ in their temporal foraging 
patterns (i.e. diurnal versus nocturnal foragers) and 
spatial foraging patterns. E. burchelli is a swarm 
raider, that is workers spread out into a fan-shaped 
swarm with a broad, carpet-like front some 10-15 
metres wide. Labidus praedator is also a swarm raider 
but the front is usually less than four metres wide. 
Most other army ant species are column raiders, 
pushing outward along narrow dendritic odour trails. 
Swarm raiders prey on a wide variety of arthropods, 
including other social Hymenoptera, and particularly 


large-bodied prey such as scorpions, spiders, cock- 
roaches and orthopterans. Column raiders tend to spe- 
cialize on other ants, but they sometimes raid social 
wasp or termite nests. 

Army ants have the fastest recruiting system 
known for any social insect and can recruit a hundred 
or more workers within one minute (Chadab & 
Rettenmeyer, 1975). The workers carry the prey 
under their bodies while running rapidly on their long 
legs. Much of the captured prey is kept in temporary 
caches along raid columns and is carried to the 
bivouac later. In E. burchelli teams of large workers 
carry large prey items very efficiently, since carrying 
an intact prey item by a group requires fewer workers 
than would dismembering the same prey item and 
carrying the pieces individually (Franks, 1986). 
During an average raid by this species 30,000 prey 
items are carried back to the bivouac, from an average 
distance of about 100 metres (Franks, 1982). 

A raid by E. burchelli can often be heard—the 
rustling of thousands of ants, the sound of frantic 
insects trying to escape, and the twittering of antbirds. 
Numerous birds (Willis & Oniki, 1978) and parasitoid 
flies (Conopidae and Tachinidae—Rettenmeyer, 1961; 
Phoridae—B.V. Brown, pers. comm.) follow the 
swarm, attacking insects flushed out by the advancing 
ants. Ithomiine butterflies may also follow the swarm 
to feed on the droppings of antbirds (Ray & Andrews, 
1980). In rural houses army ant raids can be a 
welcome intrusion, since they flush out vermin such 
as cockroaches and scorpions. In the wake of an army 
ant raid the forest floor may be left depleted of leaf- 
litter arthropods (Otis et al., 1986). It has been sug- 
gested that army ants selectively remove other ant 
colonies, thereby maintaining various stages of ant 
succession and hence preserving species diversity 
(Franks & Bossert, 1983). Finally, there is an incred- 
ible diversity of obligate and facultative arthropod 
symbionts associated with army ant colonies (see 
Chapter 2.7). Thus, because of their numerous ecolog- 
ical interactions, army ants are often considered to be 
‘keystone’ species in tropical ecosystems. 

Colony multiplication in Eciton species occurs annu- 
ally, during the dry season or early wet season. A 
brood is produced that consists of larvae destined to 
become new queens (a few) and up to 4,000 males. 
By the time these larvae are mature the bivouac is 
divided into a brood-free zone, containing the old 
queen and her affiliated workers, and another zone 


that contains the sexual brood and their affiliated 
workers. The new queens emerge first, followed by the 
males. The latter fly off in search of another colony. 
The colony then splits, with the old queen and her 
workers moving off in one direction, and the new 
queens with their workers in another direction. Only 
one of the new queens is allowed to enter the new 
bivouac. Queen longevity appears to be at least four 
years, but in some cases the original queen is replaced 
by a new queen, probably when she becomes senes- 
cent. In either case, the end result is the division of 
the original colony into two colonies. The new queens 
mate with males from other colonies within a few 
days of emergence and it is possible that the old 
queens mate annually (Rettenmeyer, 1963a). Workers 
may be involved in sexual selection, favouring males 
that are superficially similar in size and shape to their 
conspecific queen (Franks & Hólldobler, 1987). Sexual 
selection by workers may also explain why the males 
are so well endowed with metasomal glands 
(Hólldobler € Engel-Siegel, 1982) and why males lose 
their wings upon entering an alien colony (Schneirla, 
1971). 


Fungus-growing ants. The cultivation of fungus is a 
specialized feeding behaviour exhibited by ants of the 
tribe Attini (subfamily Myrmicinae). This group of 11 
genera and about 200 species is restricted to the New 
World, primarily in tropical and subtropical regions 
(Weber, 1972, 1982). Rather than foraging directly 
for food attine ants forage for substrate on which to 
grow fungus. They carry the substrate to the nest, 
where other workers incorporate it into the fungus 
gardens, which serve as the food supply for the colony. 
Fungus-growing ants differ greatly in colony size and 
in the types of substrate they use. A Cyphomyrmex nest 
may be confined between two leaves in the leaf litter 
with a fungus garden growing on two or three cater- 
pillar droppings and some beetle wing covers. In con- 
trast, a mature nest of the leaf-cutting ant, Atta 
cephalotes, is evident as a large bare area (250 m? or 
more in surface area) on the forest floor, and may 
contain 500 to 1000 underground chambers and five 
million workers. Leaf-cutting ants are capable of har- 
vesting up to 17 percent of leaf production in a forest 
and thus have a significant impact on the vegetation, 
nutrient cycling, etc. (Cherrett, 1989). 
Fungus-growing ants live in an obligate mutualistic 
association with a fungus. Worker ants harvest the 


specialized swollen hyphae of the fungus (GONGLY- 
DIA or STAPHYLAE) and feed these to the larvae. The 
fungus in turn depends upon the ants for dispersal. A 
new queen starts her fungus garden from a fragment 
of fungus, carried from her natal nest in her infrabuc- 
cal chamber (behind the base of the labium). Because 
the fungus does not produce spore-bearing structures, 
there is still some question as to its identity, but it 
appears to belong to the basidiomycete family 
Agaricaceae and is variously placed in Agaricus, 
Lepiota, Leucoagaricus and Leucocoprinus (for a review 
see Wetterer in Hunt & Nalepa, 1994). The evolution- 
ary origins of fungus cultivation by Attini is still unre- 
solved, but two possibilities have been suggested. 
Garling (1979) proposed that the ants originally fed 
on mycorrhizal fungi, whereas Hólldobler and Wilson 
(1990a) suggest it originated by fungi colonizing 
refuse or stored food in ant nests. 

Ecologically and economically, the most important 
fungus-growing ants are the leaf-cutting ants, which 
belong to the genera Acromyrmex and Atta (Lofgren & 
Vander Meer, 1986; Vander Meer et al., 1990). Like 
several other genera of Attini leafcutters recruit nest- 
mates to foraging sites, but unlike other Attini they 
show extreme worker size-polymorphism and exten- 
sive division of labour (Wilson, 1980a & b; Wetterer, 
1990b, 1991a). Among the species occurring in Costa 
Rica, Atta cephalotes cuts leaves from large trees in 
prolonged mass attacks lasting up to several days, and 
foraging ants vary greatly in size. On the other hand, 
Acromyrmex octospinosus cuts leaves from small herbs 
and scavenges fallen leaves and other plant parts. 
Compared with A. cephalotes, its foragers tend to be 
larger and have a narrower range of body mass 
(Wetterer, 1991b). Acromyrmex volcanus appears to be 
quite similar to A. octospinosus, except that foragers 
are even larger (Wetterer, 1993). 

In Costa Rica colonies of Atta use up to 77 percent 
of the plant species growing in the area (Rockwood, 
1976; Blanton & Ewel, 1985; Rockwood & Hubbell, 
1987). Of those plants that are used, not all are 
equally exploited, and often a particular plant species 
may be attacked only during a certain season (Fowler 
& Robinson, 1979). Furthermore, leafcutters often 
utilize only certain individuals of a plant species, or 
only specific leaves of an individual plant (Cherrett, 
1968; Rockwood, 1976; Nichols-Orians & Schultz, 
1990). Leaf-cutting ants appear to be capable of 
making subtle distinctions in leaf quality, and when 


preferred leaves decline in abundance the colony may 
switch to less-preferred leaves (Shepherd, 1985). 
Colonies are more selective of plants the more distant 
they are from the nest, although near the nest they 
sometimes do not harvest leaves from certain, appar- 
ently palatable species (Rockwood & Hubbell, 1987). 

Studies on the effects of leaf water content have 
produced conflicting results, varying from a positive 
correlation between water content and palatability 
(Cherrett, 1972; Stradling, 1978; Fowler & Robinson, 
1979; Bowers & Porter, 1981), to no correlation 
(Howard, 1987, 1988), to a negative correlation 
(Blanton & Ewel, 1985). Leaf water content probably 
covaries with other plant chemicals and colonies prob- 
ably vary seasonally in their water requirements. In 
general Atta cephalotes seems to prefer young leaves 
over old leaves (Cherrett, 1972; Rockwood, 1975; 
Littledyke & Cherrett, 1978), soft leaves over tough 
leaves (Cherrett, 1972; Nichols-Orians & Schultz, 
1990; but see Howard, 1988), leaves without epi- 
phylls (liverworts, lichens, etc.) over leaves with epi- 
phylls (Mueller & Wolf-Mueller, 1991), and sun leaves 
over shade leaves (Hubbell & Wiemer in Jaisson, 
1983). Thus leafcutters usually do more damage in 
early successional habitats (Blanton & Ewel, 1985) 
and are generally located close to gaps in the forest 
(Jaffe & Vilela, 1989). In areas with pronounced sea- 
sonality maximum foraging intensity often coincides 
with peak production of new leaves and flowers 
(Rockwood, 1975). 

The fungal symbionts of leaf-cutting ants secrete 
enzymes capable of breaking down various phenolic 
compounds present in leaves, such as hydrolysable 
tannins (Powell & Stradling in Huxley & Cutler, 1991), 
but leaves with very high levels of condensed tannins 
are avoided by the ants. The unequal exploitation of 
individuals of a particular plant species may result 
from intraspecific differences in condensed tannin con- 
centrations. This, in turn, may be mediated by vari- 
ation in resource availability—i.e. leaves that develop 
when growth is nutrient-limited tend to have very 
high tannin levels (Nichols-Orians, 1991). Other sec- 
ondary plant compounds such as terpenoids may also 
be detrimental to the fungus and repellant to the ants 
(Vander Meer et al., 1990). In addition, leaf-cutters 
appear to prefer leaves without latex over those with 
latex (Stradling, 1978; Hubbell et al., 1984). 

In several studies leaf-cutting ants have been 
shown to harvest substrates that are toxic to their 


fungus (Mullenax, 1979; Bueno et al. in Vander Meer 
et al., 1990). Since adult ants imbibe sap while 
cutting leaves (Littledyke & Cherrett, 1976), and use 
the sugars thus obtained to satisfy their own energy 
requirements (Quinlan & Cherrett, 1979), host plant 
selection may include gustatory responses by the 
ants. Knapp, Howse and Kermarrec (in Vander Meer 
et al., 1990) have clarified the complexities involved 
in the host selection process by distinguishing four 
categories of rejection response in Acromyrmex 
octospinosus colonies: 


1) Plants such as Peperomia are inspected but not cut, 
suggesting odour-mediated rejection. 

2) On plants such as Annona squamosa and Cucurbita 
moschata cutting begins but is not completed, 
which suggests rejection mediated by gustatory 
stimuli. 

3) With other plants there is a delayed rejection, sug- 
gesting that the rejected plant is not repellent to 
the ant, but rather is unsuitable for the fungus. In 
banana, for example, recruitment ceases with time, 
but the rejection is short-lived and. foraging 
resumes each time the plant is encountered in the 
future. 

4) In other plants, such as sweet potato, the rejection 
is delayed but persistent, suggesting avoidance 
conditioning. 


These results help explain why different authors may 
reach different conclusions about the palatability of a 
given plant species. 

To reach favoured plants leaf-cutting ants follow 
trunk trails and branch trails, which encompass a for- 
aging radius of up to 250 metres in A. cephalotes (Lewis 
et al., 1974). Nestmates are recruited with a phe- 
romone, 4-methylpyrole-2-carboxylate (Moser & Blum, 
1963; Vilela et al., 1987), and unladen workers clear 
conspicuous trunk trails (‘highways’) along which the 
ants can move unhindered (Fowler, 1978; Shepherd, 
1982). Foraging ants sometimes drop leaf pieces from 
the tree to the ground, or at the junctions of new 
branch trails and established trunk trails, where they 
are picked up by other workers (Hubbell et al., 1980). 
The colony itself appears to have an auxiliary labour 
force that is effectively on a stand-by basis as active 
foragers (Wilson, 1983). A given colony may forage 
primarily at night or during the day, but daily rhythms 
often vary between colonies, and colonies can change 


rhythms over time (Lewis et al., 1974). Such foraging 
patterns are often affected by the presence of phorid 
parasitoids (Feener & Moss, 1990; Wetterer, 1990a; 
Orr, 1992; Feener & Brown, 1992). 

Once the pieces of leaves have been passed to 
smaller worker castes within the nest, they undergo a 
rather elaborate process of preparation before being 
incorporated into the fungal gardens. This process 
consists of cutting the leaves into smaller pieces, 
removal of the superficial wax layer, and then macer- 
ation of the leaf tissue (Quinlan & Cherrett, 1977). 
Once prepared in this manner the worker ant applies 
some of its own faecal material to the leaf tissue and 
incorporates it into the fungal garden. The faeces 
contain protease enzymes, which the ant acquires by 
consuming fungus and which are not broken down in 
the ant’s digestive system. The ant thus distributes the 
enzyme from where it is produced to where it is most 
needed (Boyd & Martin, 1975; Martin et al., 1975; 
Martin, 1987). 

During the course of maintaining the fungal 
gardens, workers of Atta sexdens add secretions from 
their metapleural glands to the gardens (Schildknecht 
et al., 1973). These secretions contain several com- 
pounds, one of which (indoleacetic acid) is believed to 
serve as a stimulant to mycelial growth (Schildknecht 
& Koob, 1970), another (phenylacetic acid) is an 
inhibitor of bacterial growth (Maschwitz et al., 1970), 
and a third (D-3-hydroxydecanoic acid) is an inhibitor 
of germination of alien fungal spores (Schildknecht & 
Koob, 1971). 

The life cycle of a colony of leaf-cutters begins with 
the departure of winged males and virgin queens from 
the parent nest. In Atta cephalotes this occurs just before 
dawn, usually at the beginning of the rainy season. 
During their nuptial flight the corpulent queens ascend 
to a great height where they mate with perhaps three 
to eight males (Kerr, 1962b). Following this flight the 
queen casts off her wings and begins digging a nest in 
the soil. In a small chamber she spits out a wad of 
fungal mycelium and ‘fertilizes’ it with her own excre- 
ment. The first brood of larvae are fed special eggs pro- 
duced by the queen. Mortality during the nuptial flight 
and immediately afterwards, as the queens attempt to 
found new colonies, is very high, about 90 percent in 
A. cephalotes. Much of this seems to be due to patho- 
genic fungi (Stevens in Janzen, 1983). 

Once adult workers begin foraging for fungal sub- 
strate, the young queen ceases attending the brood 


and the fungal gardens. In these early stages, the nest 
of A. cephalotes is characterized by having an entrance 
in the form of a turret built of mud globules. In three 
or four years the colony attains the size of a mature 
colony although the production of reproductives may 
be less (Stevens in Janzen, 1983). As the colony 
matures the production of males and virgin queens 
begins and colony growth rate tapers off. Maximal life 
span of a colony appears to vary from seven to twenty 
years, depending on the site. 


Ant-plant associations. A variety of phenomena tradi- 
tionally have been grouped under the subject of 
ant-plant associations (Huxley & Cutler, 1991). These 
associations are typically potential or known mutu- 
alisms, and display apparent special adaptation by the 
plants, by the ants, or both. The ants benefit by 
receiving food and/or a nest site while the plants 
benefit by receiving protection or seed dispersal. 
However, in some cases only the ants benefit from the 
association. 

Seed harvesting (seed predation) by ants is more 
common in deserts and dry grasslands than it is in 
tropical rainforests (Hólldobler & Wilson, 19904). In 
Costa Rica Solenopsis geminata and some species of 
Pheidole occasionally carry seeds back to their nests, 
and if some are lost before being fed to the larvae, seed 
dispersal may result. A less fortuitous type of seed dis- 
persal occurs in plants having seeds that bear fat 
bodies (ELAIOSOMES) or other ant-attractant proper- 
ties. Ants harvest the seeds, chew off the fat body, and 
eventually discard the intact seed. Such specialized 
seed dispersal by ants is known as MYRMECOCHORY 
(Beattie, 1985; Davidson & Epstein, 1989). In south- 
ern Mexico, seeds of Calathea (Marantaceae) are dis- 
persed by the primarily predatory ants, Odontomachus 
and Pachycondyla (Horvitz & Beattie, 1980) and in 
Panama, seeds of Chrysothemis  friedrichsthaliana 
(Gesneriaceae) are removed from the plant by Azteca 
spp., Paratrechina sp. and Pheidole sp. (Lu & Mesler, 
1981). Some neotropical legumes may also be special- 
ized for dispersal by ants (McKey, 19894). 

Many plants have extrafloral nectaries on leaf 
blades, petioles, flower bases, or around fruits 
(Bentley, 1977), and/or produce lipid-containing 
‘pearl bodies’ from leaf blades or stems (O'Dowd, 
1982). These traits are thought to be special adapta- 
tions that reduce herbivory by attracting ants. At least 
in the case of aggressive species, the ants act as 


‘pugnacious bodyguards’ around nectaries, driving off 
or preying upon herbivores (e.g. Smiley, 1986; but see 
Hespenheide, 1985 and Koptur, 1985). In tropical dry 
forests in Mexico ants use extrafloral nectaries primar- 
ily in the dry season (Rico-Gray, 1993). 

Cases in which ants show apparent special adapta- 
tion for particular plants usually involve nest sites. 
Ants that nest in live stems (or other live structures) 
of plants show a range of behavioural specializations 
for plants. Although a continuum of specialization 
probably exists, the most specialized species are the 
most conspicuous, and have traditionally received 
most attention by naturalists. PLANT-ANTS are those 
ant species that inhabit only one or a few species of 
plants, and rarely or never forage off their host plant. 
MYRMECOPHYTES are those plant species that have 
evolved specialized structures that house ants, or, in 
the absence of known specialized structures, are nev- 
ertheless regularly inhabited by one or more plant- 
ants. The diversity of both  plant-ants and 
myrmecophytes appears to be greater in the 
Neotropics than in other tropical regions, and the 
most important force driving the evolution of ant- 
plant symbioses appears to be competition among 
arboricolous ants (see Davidson & McKey, 1993). In 
Costa Rica, these ant-plant associations include eight 
sets of myrmecophytes: 


1. Cecropia. In Costa Rica three species of Cecropia 
(Urticaceae), common trees in forest gaps and 
second growth forest, are specialized myrmecophytes 
(Burger, 1977; Longino, 1989a, in Huxley & Cutler, 
1991). They have hollow stems that house ants, and 
they produce food bodies (MULLERIAN BODIES) 
from specialized patches of trichomes (TRICHILIA) at 
the base of each petiole. There are five species of 
Azteca that are obligate inhabitants of Cecropia in 
Costa Rica, and they vary in nest structure and 
behaviour, some being more aggressive toward 
intruders than others (Longino, in Huxley & Cutler, 
1991). In addition to the obligate Azteca ants, Costa 
Rica also has an undescribed species of Pachycondyla 
that is a specialized inhabitant of Cecropia saplings 
in forested areas throughout the country. The asso- 
ciation between ants and Cecropia has apparently 
been lost on most Caribbean islands and in cloud 
forest Cecropia, such as C. polyphlebia in Costa Rica 
(Janzen, 1973). 


Earlier studies have shown that in some cases 
Cecropia ants clip tendrils of vines that touch the plant 
(Janzen, 1969), reduce damage to the leaves by herbi- 
vores (Downhower, 1975), and enhance growth and 
survivorship of saplings (Schupp, 1986). Other studies 
have failed to show protection of Cecropia by ants (e.g. 
Andrade & Carauta, 1982), and there is considerable 
debate in the older literature on whether the associa- 
tion is a mutualism or not (Bequaert, 1922; Wheeler, 
1942). This confusion is probably due to a failure to 
appreciate differences in aggressiveness between ant 
species. 


2. Acacia. In Central America several species of 
Acacia (Leguminosae) are specialized myrmecophytes 
(Janzen, 1974) supporting aggressive species of 
Pseudomyrmex as obligate inhabitants (Ward in 
Huxley & Cutler, 1991). These acacia trees are char- 
acteristic of the Pacific lowlands, both the dry habi- 
tats in the northwest and the wet forest of the Osa 
Peninsula. They have large thorns, which ants 
hollow out and inhabit. They produce two food 
sources for ants, extrafloral nectar from nectaries sit- 
uated on the leaf rachis and specialized food bodies 
(BELTIAN BODIES) from the tips of leaflets. Brown 
(1960) made a strong case based on comparative 
data that the swollen thorn acacias evolved in the 
context of a mutualism with ants, and Janzen 
(1966a) experimentally demonstrated mutualism 
between Pseudomyrmex ferrugineus and an Acacia 
species at a site in southern Mexico. All species of the 
P. ferrugineus group are obligate inhabitants of 
swollen-thorn acacias. This group occurs from 
Mexico to northern Colombia and comprises ten 
species, four of which are reported from Costa Rica 
(Ward, 1993): 


P. flavicornis—northwestern Costa Rica; A. collinsii, 
less frequently A. cornigera and A. hindsii. 


P. nigrocinctus—northwestern Costa Rica; A. 
collinsii, A. cornigera and A. hinsii. 


P. particeps—southwestern Costa Rica; A. allenii. 
P. spinicola—western Costa Rica; A. collinsii, less fre- 


quently A. allenii and A. cornigera; biology described 
by Janzen (in Janzen, 1983, as ferruginea). 


Two nonaggressive species belonging to other 
species groups of Pseudomyrmex also regularly occur 
in swollen-thorn acacias in Costa Rica. P. nigropilosus 
is a parasite of the mutualism in that it occupies un- 
inhabited acacias without protecting the plant 
(Janzen, 1975). P. subtilissimus likewise does not 
protect the plant and appears to be an inquiline on 
acacias occupied by P. flavicornis (Ward, 1989). 


3. Piper. Three species of myrmecophytic Piper 
(Piperaceae)— P. cenocladum, P. fimbriulatum and P. 
sagittifolium—occur in the understorey of lowland wet 
forest throughout Costa Rica (Burger, 1971; Risch et 
al., 1977; Letourneau, 1983). They have clasping 
petioles which form chambers, and ants inhabit these 
swollen petioles and cavities which the ants excavate 
in the stem. The plants produce food bodies on the 
inside walls of the petiolar chambers. Only one ant 
species, Pheidole bicornis, is known to be a specialized 
plant-ant in Piper, and the occupancy rate in these 
myrmecophytic Piper is nearly 100 percent. A clerid 
beetle may be a parasite on this mutualism 
(Letourneau, 1990). 


4. Cordia alliodora. The laurel, Cordia alliodora 
(Boraginaceae), is a myrmecophytic tree that occurs 
throughout lowland Costa Rica, in both dry and wet 
forest. The tips of stem internodes, where whorls of 
branches emerge, are swollen and hollow, and ants 
inhabit these chambers. There are no known food 
bodies. Specialized plant-ants of Cordia in Costa Rica 
include an unresolved species-complex of small, 
black Azteca, and Zacryptocerus setulifer. Colonies of 
Azteca and Zacryptocerus often coexist on the same 
tree. 


5. Triplaris melaenodendron. The myrmecophytic 
tree Triplaris melaenodendron (Polygonaceae) is wide- 
spread throughout Pacific slope dry forest (Brandbyge, 
1986). Its stems are hollow and harbour ant colonies, 
but there are no known food bodies or nectaries. 
Common plant-ant inhabitants of this tree in the low- 
lands are Pseudomyrmex viduus and Azteca beltii, both 
of which are generalists in myrmecophytes (see 
below). Mid-elevation Triplaris are frequently inhabited 
by Azteca longiceps, which may be a specialist in 
Triplaris. Triplaris trees are also commonly inhabited 
by generalized arboreal ants. 


6. Melastomataceae. Various myrmecophytic 
species of Melastomataceae occur in wet forests 
throughout Costa Rica. All are small understorey 
plants which have myrmecophytic structures, such as 
leaf or petiole pouches, but do not appear to provide 
any food bodies or nectaries. They lack specialized 
plant-ants, and are instead inhabited by a range of 
opportunistic species. One melastome species, 
Conostegia setosa, is most often occupied by generalist 
Pheidole spp. (including P. bilimeki), several small 
species of Solenopsis, and the generalist Wasmannia 
auropunctata (L. Tennant, pers. comm.). 


7. Lauraceae and Meliaceae. Several species of 
understorey and subcanopy Lauraceae (Licaria, Ocotea) 
and Meliaceae (Guarea) are inhabited by a diverse 
radiation of specialized Myrmelachista (Stout, 1979; 
Hammel, 1986; Burger and Werff, 1990; see synopsis 
of genera below), and in some locations by Azteca. 
Occupation of particular Ocotea species by 
Myrmelachista is so dependable that presence or 
absence of ants is used in keys to Ocotea species 
(Hammel, 1986; Burger and Werff, 1990). This is one 
of the most common ant-plant associations in Costa 
Rican primary wet forest, and yet has been largely 
overlooked because the plants lack obvious myrmeco- 
phytic traits, and the ants are timid and generally 
remain inside the stems. This may be a case where 
ants show special adaptations for particular plants, 
but not vice versa. 


8. Tetrathylacium costaricense. The tree, T. 
costaricense (Flacourtiaceae), is a small, weakly 
myrmecophytic plant that occurs in the rainforests of 
southwestern Costa Rica (L. Tennant, pers. comm.). 
The stems are hollow and split when mature, allowing 
a range of opportunistic arboreal species to nest inside, 
including several Azteca species that build carton trails 
along the branches. 


Only Acacia, Cecropia and Piper directly provide their 
ants with a conspicuous food source. Chambers of 
ant-occupied Cordia and Triplaris are always packed 
with coccoid Homoptera, presumably the ants' main 
food source since workers do not forage off the tree. 
The ants in melastomes, being non-specific, are gener- 
alist foragers on leaf surfaces and around the plant. 
The ants of Tetrathylacium are likewise generalist 


foragers, although the Azteca presumably also main- 
tain Homoptera in the stems. The food of 
Myrmelachista in Ocotea and Guarea is a mystery. The 
stems of these plants are packed with a very high 
density of workers and brood. Workers rarely venture 
outside of the stems, and only once have workers been 
seen foraging off a plant (a short column leading from 
the base of the tree to a dead moth). The stems 
harbour mealybugs, but their abundance seems far 
too low to support the population of workers. The 
plant must be directly supporting the ants in some 
way, but the mechanism has not been investigated. 

The degree to which a myrmecophyte benefits by the 
presence of ants depends on the aggressiveness of the 
ant species inhabiting the plant. All these myrmeco- 
phytes, including the highly specialized Acacia, Cecropia 
and Piper, may occasionally and in some circumstances 
frequently be inhabited by generalized, opportunistic 
species of arboreal ants. Two ant species appear to be 
specialized plant-ants, but generalized in their use of 
several myrmecophytes. Pseudomyrmex viduus has been 
collected from Triplaris, Ocotea (Lauraceae) and Cordia 
alliodora. Azteca beltii has been collected from Triplaris 
melaenodendron, Cordia alliodora and Cecropia peltata. 

In addition to the examples given above, another 
important group of myrmecophytes include various 
epiphytic plants (Davidson & Epstein, 1989). Ant-epi- 
phyte associations are based on: seed dispersal of epi- 
phytes by ants, the use of carton nests constructed by 
ants as a substrate for epiphyte growth, extrafloral 
nectaries, and/or hollow cavities in epiphytes that 
house ants. Although a number of epiphytes exhibit 
some ant-associated traits, they often have no specific 
relation to a particular ant species. For example, the 
Costa Rican fern Solanopteris brunei (Polypodiaceae) 
has swollen secondary rhizomes that may be inhab- 
ited by ants, although six different species have been 
recorded in these rhizomes and some individual 
plants did not host ants (Gómez, 1974). In tropical 
Asia, in similar ant/fern associations, ant-derived 
nitrogenous substances have been shown to be incor- 
porated into the fern tissues (Gay, 1993). In Panama 
the orchid, Caularthron  bilamellatum, produces 
extrafloral nectaries and has pseudobulbs occupied (in 
85 percent of the plants examined) by ants, mostly 
Azteca velox (Fisher, 1992). 


Economic importance (see also Chapter 3). Ants, 
through their omnipresence and their diverse ecologi- 
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cal roles, as predators, scavengers, herbivores and 
mutualists, are arguably the dominant group of animals 
in neotropical lowland ecosystems. It is likely that most 
plants and animals are affected, directly or indirectly, by 
their presence. Thus it is not surprising that ants are a 
very significant factor in tropical agriculture, though the 
magnitude of their impact, both beneficial and detri- 
mental, is probably not yet fully appreciated. Leaf- 
cutting ants (Atta and Acromyrmex) are the most 
obvious damaging species in agroecosystems, but other 
ant species that protect and tend homopterous pests can 
also promote economic damage. For example, Solenopsis 
geminata and Pheidole species protect a mealybug that is 
the vector of a serious virus disease in pineapple. 

A few ants, most notably the ‘bullet ant’ 
(Paraponera clavata) and the ‘fire ant’ (Solenopsis gemi- 
nata), are capable of inflicting very painful stings, 
although these are usually not life threatening. 
Several ant species, including the pantropical tramp 
species (see above), are common in buildings. In 
houses these ants are merely annoying, but in hospi- 
tals they may spread contaminants. In a Costa Rican 
candy factory the presence of Solenopsis geminata 
resulted in a shipment of products being rejected in 
quarantine, before reaching a foreign market, which 
was extremely costly for the factory (P. Hanson, 
unpub.). Similar problems have occurred with alate 
Camponotus on ships being loaded with bananas. 
Another species of Camponotus (subgenus 
Tanymyrmex) sometimes utilizes electronic equipment 
as a nest site, and by so doing, recently damaged 
hundreds of facsimile machines in Costa Rica. 


Identification. Keys to the subfamilies and genera 
of neotropical ants, and references to taxonomic revi- 
sions are given in Hólldobler and Wilson (1990a) and 
Bolton (1994), and it is from these works that the 
keys given in this chapter are derived. 


Key to the subfamilies of Formicidae 
present in Costa Rica 


1 Second metasomal segment much smaller than 
and/or highly differentiated from third (i.e. 
with a postpetiole) (Figs 16.04, 16.05); never 
with a row of short, peg-like teeth on each 
side of the last visible metasomal tergite 
(pygidium).....::; AAA eee p 


Second and third metasomal segments of similar 
size and shape, and often no constriction 
between them (i.e. without postpetiole) (Figs 
16.06-16.09) or if second segment somewhat 
reduced (i.e. difficult to determine if it is a 
postpetiole) then pygidium with a row of peg- 
liketeeth (Eig. 16.10). ...cc....ccccccecvensesssscesceetee 4 


Eyes absent or represented by a single ommatid- 
ium; antennal sockets not at all concealed by 
Irontal tomes (Eig. 16. TI). siss.ccscsclecccccsscsscoossesese 
EE OCDE a A Ecitoninae (p. 609) 

Eyes usually present, with many ommatidia; if 
eyes reduced then antennal sockets at least 
partially covered by frontal lobes (Fig. 16.12). 


Promesonotal suture absent; eye length along 
longest axis usually much less than 40 
percent of head length, measured from vertex 
to anterior margin of clypeus (Fig. 16.05); 
posterior margin of clypeus usually projecting 
back between antennal sockets (Fig. 16.12); 
antenna with 12 or fewer segments. ............... 
NN sch re ree ese ce ue nare Myrmicinae (p. 609) 

Promesonotal suture present; eye length 40 
percent or more of head length (Fig. 16.04); 
posterior margin of clypeus not projecting 


back between antennal sockets; antenna 
alwaysswith 12 sepIIentsm.........-.. .eose eco ovens 
setti. REL Pseudomyrmecinae (p. 609) 


Sting present; gaster fairly elongate and cylindri- 
cal, often with its first segment slightly con- 
stricted posteriorly so that it is somewhat 
separated from remaining segments 
Ou. DOCTI Mm m cc —Ó 5 

Sting absent; gaster short and generally sub- 
spherical, never with its first segment 
separated from remaining segments (Figs 
l5 0X5, Joy iU Mte A E 6 


Pygidium with a row of erect peg-like teeth on 
each side, the two rows converging posteriorly 
toward the sting (Fig. 16.10). 

[Antennal sockets nearly touching; post- 
petiole fairly distinct; rare.] eS 
tintero cool Cerapachyinae (p. 607) 


—  Pygidium lacking peg-like teeth (sometimes with 
stiff, short setae). ............ Ponerinae (p. 601) 


6 Apex of metasoma with a semicircular to circular 
acidopore formed from last sternite (hypopy- 
gium), often projecting as a small cone or 
nozzle and fringed with a ring of diverging 
setae (Fig. 16.09); if difficult to observe, then 
antennal sockets separated from clypeus (Fig. 
16.13); sour taste of formic acid in live speci- 
MENS. eea 3 eee Formicinae (p. 618) 

— Apex of metasoma without acidopore; antennal 
sockets always touching clypeus (Fig. 16.14); 
live specimens, when crushed, often with 
characteristic odour of rotten cheese. .............. 
PRCA TE TAN Dolichoderinae (p. 616) 


Synopsis of Costa Rican genera 


The ant genera known to occur in Costa Rica are listed 
below. Genera that have not yet been seen in Costa 
Rica but may possibly occur in the country include 
Acanthostichus (South America, Mexico), Cheliomyrmex 
(South America, northern Central America), and 
Probolomyrmex (Panama and South America). 


PONERINAE 


A large subfamily comprising, worldwide, about 50 
genera classified in six tribes (Bolton, 1994). All six 
tribes and 21 genera are known to occur in Costa 
Rica. Ponerines are mostly predaceous, solitary 
hunters (no recruitment), with small colonies. It is a 
species-rich group with many small cryptic species in 
leaf litter and large conspicuous species on 
vegetation. 


PONERINAE: Amblyoponini. Comprises seven extant 
genera, two of which, Amblyopone and Prionopelta, 
occur in Costa Rica. 


Amblyopone. A cosmopolitan genus, three species 
of which occur in Costa Rica, A. cf. degenerata, A. 
mystriops and A. orizabana. The first two are 
known only from single sites in the Atlantic low- 
lands, but the third is more widespread, though 
rare. Taxonomy: Lattke (1991). Biology: these ants 
live in small colonies in leaf litter and are 
predaceous. 


Figs 16.04-16.09. Formicidae. Figs 16.04-16.09. Head and body, lateral; 16.04, Pseudomyrmex sp. (Pseudomyrmicinae); 
16.05, Tetramorium sp. (Myrmicinae); 16.06, Azteca sp. (Dolichoderinae); 16.07, Camponotus sp. (Formicinae); 16.08, Paraponera 
sp. (Ponerinae); 16.09, Brachymyrmex sp. (Formicinae). 


Figs 16.10-16.14. Formicidae. Fig. 16.10. Apex of metasoma of Cerapachyinae. Figs 16.11-16.14. Head, anterior; 16.11, 
Ecitoninae; 16.12, Cyphomyrmex sp. (Myrmicinae); 16.13 Dendromyrmex sp. (Formicinae); 16.14, Dolichoderus sp. 


(Dolichoderinae). 


Prionopelta. Pantropical; in the New World, extend- 
ing north to the southern United States; two 
common and widespread species occur in Costa Rica. 
They are yellowish and characterized by the denticu- 
late median lobe of the clypeus, mandibles with three 
teeth and the small eyes (Fig. 16.16). Biology: preda- 
ceous ants living in large colonies in leaf litter. The 
pantropical P. amabilis nests in rotting logs, preys on 


campodeid diplurans, and shows temporal division of 
labour (Hólldobler & Wilson, 1986). 


PONERINAE: Ectatommini. Comprises nine extant 
genera, seven of which occur in Costa Rica. 


Acanthoponera. A neotropical genus represented 
in Costa Rica by apparently two species. A. minor is 


Figs 16.15-16.20. Ponerinae. Figs 16.15-16.17. Head, anterior; 16.15, Anochetus sp.; 16.16, Prionopelta sp.; 16.17, 
Thaumatomyrmex sp. Figs 16.18-16.20. Head and body lateral; 16.18, Ectatomma sp.; 16.19, Hypoponera sp.; 16.20, 
Pachycondyla sp. 


present on the Pacific side and A. crassa (which is 
currently treated as a junior synonym of minor but 
is probably distinct) is present on the Atlantic side; 
nowhere are these sympatric. Biology: common, 
widespread ants in wet forest habitats. The nests are 
in the ground, and workers forage nocturnally on 
low vegetation. Their feeding habits are unknown. 


Discothyrea. A primarily tropical and southern 
temperate genus, with at least three species present 
in Costa Rica. They appear to be rare, but are wide- 
spread. Biology: small colonies live in leaf litter. The 
single North American species is a predator of the 
eggs of other arthropods (Brown, 1958). 


Ectatomma. A neotropical genus represented in 
Costa Rica by four species (e.g. Fig. 16.18). Two, 
E. ruidum and E. tuberculatum, are exceedingly 
common; E. gibbum is less common, being present 
in primary forest; E. edentatum is at the northern 
limit of its range in the highlands of the Osa 
Peninsula (and perhaps also in Talamancas). 
Biology: Ectatomma species live in small colonies, 
nest in the ground, and forage on the ground and 
on vegetation. They are predaceous but also visit 
extrafloral nectaries. E. tuberculatum often preys on 
individually foraging social Hymenoptera. 
References to biology: ruidum—Breed et al. (1990), 
Lachaud (1990); tuberculatum—Wheeler (1986a), 
Dejean & Lachaud (1992). 


Gnamptogenys. Asia, Australia and the Neotropics 
(one species reaches the southern United States); at 
least 21 species occur in Costa Rica. Biology: 
common, widespread ants that live in small colonies 
in the ground, leaf litter and live or dead stems. 
They are predaceous, with some species specializing 
in millipedes, and some group raiding. 


Heteroponera. An Australian/neotropical genus. 
Only one species, H. panamensis, has been found in 
Costa Rica. Biology: common in mid-upper eleva- 
tion wet forest (1000-2000 m) where it lives in 
small colonies, most often in the live stems of 
understorey plants. 


Paraponera. A neotropical genus with only one 
species, the notorious P. clavata (‘giant tropical 
ant’, ‘bala’) (see Fig. 16.01). Biology: very common 


in Atlantic slope wet forest, but it is conspicuously 
absent from similar habitats on the Osa Peninsula. 
These ants live in large colonies, often in the 
ground at bases of trees having buttresses and 
extrafloral  nectaries, especially  Pentaclethra 
macroloba (Leguminosae) (Bennett & Breed, 1985; 
Breed € Harrison, 1989; Hólldobler € Wilson, 
1990b). Workers forage arboreally, mostly noctur- 
nally (McCluskey & Brown, 1972; Hermann, 1975; 
Young & Hermann, 1980). They are predaceous, 
but also visit  extrafloral  nectaries. Trail 
pheromones are used mostly for orientation of indi- 
vidual foragers, but recruitment is possible if a 
trail-laying ant enters the colony (Barrett et al., 
1985; Breed & Bennett, 1985; Breed et al., 1987; 
Breed & Harrison, 1989); temporal learning has 
been demonstrated (Harrison & Breed, 1987). 
Alarmed workers release an odour that attracts 
phorid parasitoids (Brown «€ Feener, 1991a & b). 
More details of biology: Jorgensen et al. (1984); 
Hermann & Young (1980); Breed & Harrison 
(1988); Breed et al. (1991); Kannowski (1991); 
Nelson et al. (1991). 


Proceratium. Cosmopolitan; perhaps most species- 
rich in warmer parts of the North Temperate 
region; only two species have been found in Costa 
Rica. Taxonomy: Ward (1988). Biology: small 
colonies in leaf litter, and are reputedly specialist 
predators on spider eggs. 


PONERINAE: Platythreini. A small tribe comprising two 
genera of which one, Platythyrea, occurs in Costa 
Rica. 


Platythyrea. Pantropical; in the New World, 
extending north to the southern United States; four 
species are known from Costa Rica. Body without 
erect hairs. Biology: common and frequently wide- 
spread predaceous ants that live in small colonies. 
They are usually arboreal and most often encoun- 
tered running on tree trunks, although P. punctata 
often nests in dead wood on the ground (R. 
Snelling, pers. comm.). One species (P. prizo) 
described by Kugler (1976), is still known only from 
La Selva Biological Station. 


PONERINAE: Ponerini. A large tribe with 23 genera 
worldwide, nine of which occur in Costa Rica. 


606. 16 Thean 


Anochetus. A pantropical genus with at least five 
species in Costa Rica (Snelling, pers. comm.) of 
which three are nominate (one of which is a 
complex of species). These ants have long, slender 
mandibles, abruptly bent inward near the apex, like 
Odontomachus spp. (Fig. 16.15). Biology: A. emar- 
ginatus occurs in understorey ant gardens on 
trunks; the A. mayri complex are moderately 
common ants living in small colonies in leaf litter or 
under epiphyte mats; A. orchidicola is a rare species 
found under epiphyte mats. They are all widespread 
in wet forest, and assumed to be predaceous. 


Belonopelta. A neotropical and oriental genus with 
a single very rare species (cf. deletrix) in Costa Rica. 
Biology: individuals have been found in leaf litter. 


Centromyrmex. A pantropical genus with only one 
species, C. alfaroi known to occur in Costa Rica. It is 
very rarely collected. Biology: it has been found in 
soil. 


Cryptopone. A widespread genus that is most 
species-rich in southeast Asia. In the New World a 
single species, C. gilva, is known to occur in North 
America, and it has been found to occur as far 
south as Costa Rica. Biology: common in cloud 
forest (absent in lowlands?) where small colonies 


States; ten species have been found in Costa Rica. 
They may be very common, and are widespread. 
Biology: live in small to large colonies in leaf litter, 
rotten wood, suspended arboreal debris and epi- 
phyte clumps. They forage on the ground and/or 
arboreally. They are predaceous, using their long 
snapping mandibles for defence and for subduing 
prey (Garlin & Gladstein, 1989). Individuals are 
occasionally found at extrafloral nectaries. 


‘Pachycondyla. A large, predominantly pantropical 


genus; in the New World extending north to the 
southern United States; at least 20 species occur in 
Costa Rica (e.g. Fig. 16.20). Biology: very common 
and widespread ants living in small to large colonies 
in leaf litter, dead wood, dead or live stems or under 
epiphyte mats. They are predaceous, with one 
species, P. laevigata, a specialized group raider of ter- 
mites. Occasional individuals visit extrafloral 
nectaries. 


Simopelta. Neotropical; at least five species present 
in Costa Rica in mid-upper elevation wet forest 
(1000-2000 m), including cloud forest where they 
can be locally common. Biology: form large colonies, 
and are nomadic group raiders on Pheidole colonies. 


PONERINAE: Thaumatomyrmecini. A small neotoropi- 
cal tribe comprising one genus, Thaumatomyrmex. It is 
known to occur in Costa Rica. 


live in rotten wood. 


Hypoponera. A large, cosmopolitan genus with at 
least ten, and perhaps many more, species occur- 
ring in Costa Rica (e.g. Fig. 16.21). Biology: very 
common, widespread predaceous ants living in 
small colonies in leaf litter and under epiphyte 
mats. 


Leptogenys. Primarily pantropical; in the New 
World extending north to the southern margin of 
the United States; at least five species are present in 


Thaumatomyrmex. Neotropical; two very rare 
species in Costa Rica. Mandibles with bizarre, 
extremely long, slender teeth (Fig. 16.17). Biology: 
widespread wet forest ants that live in small 
colonies in the leaf litter. They are specialized 
predators of polyxenid millipedes (Brandao et al., 
199/1). 


PONERINAE: Typhlomyrmecini. A small neotropical 
tribe comprising a single genus, Typhlomyrmex. It is 
known to occur in Costa Rica. 


Costa Rica. Tarsal claws finely pectinate. These are 
apparently rare, but widespread ants. Biology: live 
in small colonies in leaf litter and in dead wood. 


They are predaceous, with some specialized preda- 
tors of isopods (Wheeler, 1904). 


Odontomachus. Mainly pantropical; in the New 
World, extending north to the southern United 


Typhlomyrmex. Neotropical; three species in Costa 
Rica. Biology: T. rogenhoferi is common and wide- 
spread, living in small colonies in rotten wood. 
Species of this genus are predaceous. 


[ie claws simple, lacking a median tooth 


—Tarsal claws with a single median tooth 


—Width of scape near apex more than 1/3 its entire length 


(Fig. 16.21) 


—Width of scape near apex less than 1/3 its length (Fig. 16.22). 


—Propodeum with teeth or lamellae (Fig. 16.23) 


—Propodeum without teeth or lamellae 


Table 16.2. Simple diagnostic characteristics of workers of the genera of Ecitoninae occurring in Costa Rica 


(adapted from Hólldobler & Wilson, 19904). 
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Figs 16.21-16.23. Ecitoninae. Figs 16.21-16.22. Head, lateral; 16.21, Nomamyrmex sp.; 16.22, Labidus sp. Fig. 16.23. Head 


and body, lateral, Eciton sp. 


CERAPACHYINAE (BOLTON, 19904) 

A small, predominantly pantropical subfamily with 
seven genera worldwide. It is represented in Costa Rica 
by two genera classified in separate tribes the Cerapach- 
yini and Cylindromyrmecini respectively (Bolton, 1994). 


Cerapachys. Predominantly pantropical; in the New 
World extending as far north as the southern United 


States. At least two species occur in Costa Rica. Gena 
margined ventrally by a carina. Biology: rarely 
encountered in wet forest habitats in leaf litter. 


Cylindromyrmex. A neotropical genus with at 
least three species present in Costa Rica. Gena 
without carina. Biology: apparently very rare, live 
in dead wood. 


Polymorphic, with discrete minor and major castes; antennae with 10 (minute arboreal species), 11 
(one uncommon species), or more commonly 12 segments, apical three segments always forming a 
differentiated club; mandible triangular with 3rd tooth from apex disproportionately small relate to 
first two; minor workers with short frontal carinae and no antennal scrobes (majors of a few species 
have scrobes); eyes usually well-developed; promesonotum lacking spines; propodeum usually with 
pair of spines, but may be reduced to tubercles or ridges, rarely totally absent; propodeal suture 
always distinct; dorsal profile of mesosoma not flat nor evenly arched; petiole with distinct 

dorsal node and anterior peduncle 


Not fitting above description 


LE ine. scrobes present, running longitudinally below eyes (Fig. 6.24) 


Antennal scrobes absent, or present and running longitudinally above eyes, or 
present with eye situated at posterior apex of scrobe 


Antenna 6-segmented 
Antenna 7-segmented 
Antenna 9-segmented 
Antenna 10-segmented (with 2-segmented club) 


Antenna 11-segmented 


Mandible elongate. sublinear with inwardly directed teeth at apex 
(cf Fig. 16.25) 


Mandible subtriangular 


Postpetiole articulated on dorsal surface of first gastral segment; gaster 
in dorsal view heart-shaped and capable of reflection over 
mesosoma (Fig. 16.28) 


Antennal scrobes distinct; sculpture of head and mesosoma usually 
very coarse; frontal carina often greatly expanded, covering gena 
in front view; entirely arboreal in stems Fig. 16.33) 


Surface texture usually dull and opaque; promesonotum with spines 
or tubercles (Figs 16.29, 16.30), or body covered with dense long 
hairs (Fig. 16.34); nests in litter, soil, or under epiphytes 


Not fitting above descriptions 
Propodeum with teeth 
With antennal scrobes (Fig. 16.31) Wasmannia Lachnomyrmex 
Without antennal scrobes Oligomyrmex (part), Leptothorax (part) 
Propodeum without teeth Tranopelta, Xenomyrmex (part) 
Antenna 12-segmented 


Antenna with 3-segmented club; sculpture finely granular and opaque; 
lacking erect setae; postpetiole grossly swollen Cardiocondyla 


Not fitting above description 
Frontal lobes not projecting over base of mandible (Fig. 16.27) 


Petiole as in Fig. 16.35; hind tibial spur pectinate Hylomyrma 
Petiole shaped differently; hind tibia spur simple or lacking 


Propodeal suture not impressed (Fig. 16.32) 


Clypeus forming thin projecting ridge anterior to 
antennal socket 


Clypeus not as above 
Propodeal suture impressed 


Antennal club 2-segmented (Fig. 16.27) Adelomyrmex 
Antennal club 3-segmented Monomorium, Megalomyrmex 


Antennal club 4-segmented 
Antennal filiform, without club 


Table 16.3. Simple diagnostic characteristics of workers of the genera of Myrmicinae occurring in Costa Rica 
(adapted from Hólldobler & Wilson, 1990a and Bolton, 1994). 


ECITONINAE (BOLTON, 1990b) 


This subfamily comprises the New World army ants 
(see above). It includes five genera, four of which are 
known to occur in Costa Rica. These may be distin- 
guished using Table 16.2. 


Eciton. An exclusively neotropical genus with at 
least seven species present in Costa Rica. They are 
very common throughout the country. Biology: 
Eciton species forage on the ground surface and up 
into vegetation. Workers of the E. burchelli complex 
are largely black, and very common diurnal swarm 
raiders. E. hamatum workers are bright yellow- 
orange, and also very common, diurnal column 
raiders. The remaining species forage mainly at 
night, and are apparently less common. 


Labidus. A small mainly neotropical genus. One 
widespread species, L. coecus, occurs as far north as 
the southern United States. Three or four species 
occur in Costa Rica, and they can be very common 
throughout the country. Biology: L. praedator has 
workers that are all black. It is the most common 
swarm raider and is active both day and night. A 
second, less common species, L. spininodis, differs 
only in having a ventrally projecting spine beneath 
the petiole. L. coecus has bright red workers. It is 
very common and usually reported as nocturnal, 
although an underground raid on other ant nests 
has been described from a coffee plantation during 
daylight hours (Perfecto, 1992). It is more omnivo- 
rous than other army ants, and often forages in 
houses for kitchen scraps. 


Neivamyrmex. Argentina to Iowa; over 100 
described species, with more than 20 in Costa Rica, 
a few of which are quite common. Biology: N. 
pilosus workers are black, diurnally active ants that 
are common in lowland (0-500 m) habitats. N. 
sumichrasti workers are dark brown, diurnally 
active ants that are common in cloud forests. The 
remaining species (workers often reddish) forage 
mainly at night and are rarely encountered. They 
are column raiders. 


Nomamyrmex. A very small mainly neotropical 
genus, with one species (esenbeckii) reaching the 
extreme south of Texas. Two species occur in Costa 


Rica. Biology: N. esenbeckii is common throughout 
the country. It is a diurnally active column raider. 
It is the only army ant that has been observed 
attacking large Atta colonies, and all observed 
N. esenbeckii prey has been Atta brood (Longino, 
unpubl.). 


PSEUDOMYRMECINAE (WARD, 1989, 1990) 


A rather small subfamily comprising three genera, one 
in the Old World and two in the New World. Myrcidris 
contains a single species known only from Brazil, 
while Pseudomyrmex contains many species and is 
widespread. 


Pseudomyrmex. Primarily neotropical (north to 
the extreme south of the United States); nearly 200 
described species; at least 50 species are present in 
Costa Rica and many are common. Biology: typi- 
cally timid ants with small colonies living in dead or 
live stems, foraging solitarily for live prey and visit- 
ing extrafloral nectaries. One species is known to 
tear open the leaf mines of a hispine beetle and 
predate the beetle larvae (Memmott et al., 1993). A 
few species of Pseudomyrmex are obligate plant-ants 
in Acacia, forming large colonies and aggressively 
defending their host plant. 


MYRMICINAE 

A very large and diverse subfamily comprising about 
150 extant genera that have been divided into about 
20 tribes, though not all genera can easily be 
assigned to a tribe. Indeed, Hólldobler and Wilson 
(1990a) remark that 'the tribal classification of the 
Myrmicinae is still in a state of severe disarray’. 
However, Bolton (1994) tentatively places all extant 
myrmicine genera into tribes, and for ease of 
reference this classification is used below. Currently 
42 myrmicine genera are known to occur in Costa 
Rica. 


MYRMICINAE: Agroecomyrmecini. This small tribe 
comprises Tatuidris plus three extinct genera. 


Tatuidris. A neotropical genus with T. tatusia and 
at least one undescribed species in Costa Rica. 
Biology: very rarely encountered in forest leaf litter. 


Figs 16.24-16.30. Myrmicinae. Figs 16.24-16.27. Head, anterior; 16.24, Octostruma sp. (Basicerotini); 16.25, Strumigenys sp. 
(Dacetini); 16.26, Stegomyrmex sp.; 16.27, Adelomyrmex sp. Figs 16.28-16.30. Head and body, lateral; 16.28, Crematogaster sp. 
(Crematogastrini); 16.29, Acromyrmex sp. (Attini); 16.30, Atta sp. (Attini). 


Figs 16.31-16.35. Myrmicinae. Figs 16.31-16.32. Head and body, lateral; 16.31, Wasmannia sp.; 16.32, Tetramorium sp. 
(Tetramoriini). Figs 16.33-16.34. Head and body, dorsal view; 16.33, Zacryptocerus sp. (Cephalotini); 16.34, Apterostigma sp. 
(Attini). Fig. 16.35. Petiolar segments, lateral, Hylomyrma sp. 


612. 


MYRMICINAE: Attini. This exclusively New World tribe 
of fungus-growing ants (see above) comprises 12 
genera, eight of which are represented in Costa Rica. 


Acromyrmex. Subtropical South America north to 
southwestern United States. Workers are moder- 
ately polymorphic; dorsum of mesosoma bears 
four pairs of spines (Fig. 16.29). Many species of 
this genus occur in grasslands and semidesert 
areas. Three species occur in Costa Rica. Biology: 
A. coronatus is common in montane areas, A. 
octospinosus is a widespread species whose range 
includes urban areas and A. volcanus is present 
in primary rainforests on Atlantic slopes and 
lowlands. A. volcanus primarily has arboreal nests. 
Acromyrmex species use cut leaves, flowers 
and fruit to grow fungus. (Additional biology: 
Wetterer, 1991b). 


Apterostigma. Neotropical; at least seven species 
present in Costa Rica. Upper body covered with 
dense, appressed hairs; head and mesosoma elon- 
gate in dorsal view (Fig. 16.34). Biology: very 
common in forests where they live in small 
colonies. Most nest in dead wood, but a few con- 
struct nests low on tree trunks or under leaves of 
low vegetation (Fig. 16.03). The walls of such 
exposed nests are composed of the fungus itself 
(the white flocculent masses are a common sight 
in lowland rainforests). Seeds and anthers are used 
as a substrate for fungus gardens. (Additional 
biology: Forsyth, 1981; Black, 1987—but species 
identifications unreliable). 


Atta. Predominantly neotropical, but extending into 
the southern United States. Workers are extremely 
polymorphic; dorsum of mesosoma bears three pairs 
of spines (Fig. 16.30). Three species are recorded 
from Costa Rica. Biology: A. cephalotes (orange- 
brown with shiny patches on sides of mesosoma) is 
both the most common and widespread species in 
the country (nest, Fig. 16.02). It deposits nest refuse 
in abandoned subterranean chambers. A. colombica 
(red-brown, without shiny patches on sides of meso- 
soma) is more common on the Osa Peninsula, but 
occurs sporadically in Atlantic slope forests. It 
deposits nest refuse above-ground. A third species, 


A. sexdens, has been reported from Costa Rica (Kempf, 
1972), but its occurrence has not been verified. 


Cyphomyrmex. Mostly neotropical, but extending 
into the southern United States. Body nearly hair- 
less, without spines; antennal scrobes present. At 
least ten species are present in Costa Rica, some of 
which are very common and widespread. 
Taxonomy: Snelling and Longino (1992). Biology: 
live in small colonies and there are both ground- 


‘nesting.and arboreal species. Cyphomyrmex species 


use caterpillar droppings and dead insect parts on 
which to grow fungus. 


Mycocepurus. Neotropics. Pronotum and anterior 
of mesonotum bearing a circle of eight upwardly 
directed spines. Only one species, M. smithi, is 
known from Costa Rica. Biology: found on beach 
margins on the Atlantic coast, where it may be 
locally abundant and from leaf litter in forested sites 
throughout the country. 


Myrmicocrypta. Neotropics. Head and mesosoma 
moderately tuberculate, with erect, clavate hairs. 
Only a single rare species (cf. ednaella) is known 
from Costa Rica. Biology: nests in the soil. 


Sericomyrmex. Neotropics. Body covered with long 
hairs; head heart-shaped. The taxonomy is poorly 
understood. Biology: one species (amabilis?) is both 
common and widespread in forested lowland habitats 
in Costa Rica. These ants live in small colonies in the 
soil. The fungus substrate they use includes leaf, 
flower, and fruit fragments (J. Wetterer, pers. comm.). 


Trachymyrmex. A large genus, extending from 
Argentina to New York. Mesosoma frequently with 
spines; metasoma tuberculate. At least four species 
are present in Costa Rica. Biology: common and 
widespread in lowland habitats. They live in small 
colonies in soil and never use trunk trails in forag- 
ing. Their fungus substrate includes leaf fragments 
(J. Wetterer, pers. comm.), and in the United States 
insect excrement is also incorporated into the 
substrate. 


MYRMICINAE: Basicerotini. Primarily neotropical, but 
also present in the Australian and Oriental regions. 


Seven genera are currently recognized, all of which 
occur in the Neotropics; four of these are present in 
Costa Rica. 


Basiceros. Neotropics. Antenna 12-segmented. 
Represented in Costa Rica by B. manni. Biology: a 
rarely collected nocturnal ant that forages on the 
ground in wet forests. It forms small colonies in the 
leaf litter. Although they are predaceous, these ants 
are very cryptic and slow moving (Wilson & 
Holldobler, 1986). 


Eurhopalothrix. An Indo-Australian/neotropical 
genus with a single species occurring in southern 
Florida. Antenna 7-segmented. At least five species 
are present in Costa Rica. Biology: common but 
inconspicuous predaceous ants living in small 
colonies in forest leaf litter. 


Octostruma. Neotropics. Antenna 8-segmented. At 
least three species occur in Costa Rica. Biology: 
common but inconspicuous predaceous ants living 
in small colonies in forest leaf litter. 


Rhopalothrix. Neotropics and Australia. Antenna 
7-segmented. At least one species in Costa Rica, 
known from fewer than ten specimens in the 
country. Biology: collected in wet forest leaf litter. 


MYRMICINAE: Blepharidattini. Contains two genera, 
one of which, Wasmannia, is present in Costa Rica. 


Wasmannia. A neotropical genus with one tramp 
species, W. auropunctata, present in other areas of 
the world. At least three species occur in Costa 
Rica. Biology: W. auropunctata is very common in 
disturbed lowland habitats (< 500 m) in Costa Rica 
and workers can be very abundant in second 
growth, where they are dominant predators and 
scavengers, and are often common at extrafloral 
nectaries. They have strong recruitment capabili- 
ties. Their large polydomous colonies have no dis- 
crete colony centre and the nests may be found 
almost anywhere: under stones, in dead wood, in 
leaf litter, in stems or under bark. Bibliography: 
Ulloa-Chacon et al. (1991). The two other 
Wasmannia species occur in primary forest and are 
rare. 


MYRMICINAE: Cephalotini. Primarily neotropical, with 
a few species of one genus extending northwards into 
the southern United States. Three genera are currently 
recognized, all of which occur in Costa Rica. 


Cephalotes. Neotropics. Head with spines. 
Represented in Costa Rica by two species, C. serrati- 
ceps and C. atratus (R. Snelling, pers. comm.). 
Biology: C. serraticeps is a rare, lowland primary wet 
forest ant that lives in large colonies in boles of live 
canopy trees. The workers are continuously poly- 
morphic. Their feeding habits are poorly known. 


Procryptocerus. Neotropics. Head circular in 
dorsal view. The 12 Costa Rican species are gener- 
ally rare but locally common. Biology: arboreal 
with small nests in live or dead stems. They are 
generally sparsely distributed and restricted to 
high canopy in lowland forest, but they are more 
common on low vegetation in mid to upper eleva- 
tion forests. Procryptocerus species are solitary for- 
agers, but their feeding habits are poorly known 
(Wheeler, 1984). 


Zacryptocerus. Mainly neotropical, but extending 
into the southern United States. Head quadrate, 
especially in soldier caste (Fig. 16.33); body 
dorsoventrally flattened. At least 13 species are 
present in Costa Rica. Biology: common ants in 
lowland (0-500 m) habitats throughout the 
country. All are arboreal with small to large nests 
in live or dead stems. A few species are characteris- 
tic of second growth and Z. setulifer is an obligate 
plant-ant in Cordia alliodora. They are solitary for- 
agers, but multiple workers may accumulate at 
extrafloral nectaries. Z. maculatus may share forag- 
ing trails with Azteca (Adams, 1990). 


MYRMICINAE: Crematogastrini. This tribe includes only 
the cosmopolitan genus Crematogaster. 


Crematogaster. A very large, cosmopolitan genus 
with at least 33 species present in Costa Rica. 
Biology: can be very common ants throughout 
much of the country. Most species are arboreal, but 
a few nest in dead sticks in leaf litter. Some species 
are canopy dominants, forming large polydomous 


colonies that span one or more canopy trees. They 
are generalized omnivores or scavengers and are 
common on extrafloral nectaries. 


MYRMICINAE: Dacetonini. A large primarily pantropi- 
cal and Australian tribe comprising about 25 genera, 
of which 11 are native to the New World and one, 
Trichoscapa, is introduced to the Americas from the 
Old World. This genus and five of the native neotropi- 
cal genera occur in Costa Rica. 


Acanthognathus. A neotropical genus represented 
in Costa Rica by two species: A. ocellatus (with pits on 
face) and A. teledectus (lacking pits on face). Biology: 
rare predaceous species, present in wet forest leaf 
litter or under epiphytes. They live in small colonies. 


Glamyromyrmex. Neotropics. Mandibles triangu- 
lar. At least two species occur in Costa Rica. 
Biology: very rare predaceous ants that live in small 
colonies in wet forest leaf litter. 


Neostruma. Neotropics. Mandibles elongate. At least 
six species in Costa Rica. Biology: common but incon- 
spicuous ants in forest leaf litter or under rotten 
wood. They live in small colonies and are predaceous. 


Smithistruma. Cosmopolitan. Mandibles triangu- 
lar; body often with scale-like hairs. Six species 
occur in Costa Rica. Biology: generally rare, living 
in small colonies in forest leaf litter or under rotten 
wood. They are predaceous, and at least some 
species are specialist predators on Collembola 
(Smith in Krombein et al., 1979). 


Strumigenys. Predominantly pantropical. Mandibles 
elongate and apically forked (Fig. 16.25). More 
than 50 species occur in the New World, with at 
least 20 species in Costa Rica. Biology: very 
common, but inconspicuous ants living in small 
colonies in forest leaf litter or under rotten wood. 
They are predaceous on small arthropods. 


Trichoscapa. An Old World, mainly tropical genus, 
with one species, T. membranifera, spread through- 
out the tropical and warm subtropical parts of the 
world although its presence in Costa Rica has not 
been confirmed by us. Mandibles triangular. 
Biology: a rare ant, living in small colonies in leaf 


litter of disturbed areas. They are predaceous on a 
wide variety of small, soft bodied arthropods. 


MYRMICINAE: Formicoxenini. Comprises about 25 
genera of which two, Cardiocondyla and Leptothorax 
occur in Costa Rica. 


Cardiocondyla. A widespread Old World genus 
with at least two tramp species occurring in Costa 
Rica. Head and mesosoma without hairs. Biology: 
common only in disturbed habitats, and occasion- 
ally along the edges of beaches. They are tiny ants 
with small colonies in soil. 


Leptothorax. A large cosmopolitan genus, with at 
least seven inconspicuous but common species 
throughout Costa Rica. Biology: small-colonied, arbo- 
real ants with scattered, solitary foragers. In North 
America several species are closely associated with 
other ants, and either lestobiotic or dulotic (see 
Chapter 2.7). In Costa Rica L. echinatinodis is common 
in second growth and disturbed habitats, with indi- 
vidual workers being common at extrafloral nectaries. 
The remaining species generally occur high in the 
canopy or are otherwise rarely encountered. 


MYRMICINAE: Metaponini. Comprises four genera one 
of which, Xenomyrmex, occurs in Costa Rica. It has 
only tentatively been associated with the other genera 
in this tribe (Bolton, 1994). 


Xenomyrmex. A small neotropical genus with at 
least two species present in Costa Rica. Biology: 
very rarely encountered, tiny ants that live in high 
canopy bark cavities. 


MYRMICINAE: Myrmicini. Comprises six extant genera 
one of which, Hylomyrma, occurs in Costa Rica. 


Hylomyrma. A neotropical genus with at least two 
species present in Costa Rica. Biology: common, but 
inconspicuous ants in wet forest leaf litter. 


MYRMICINAE: Ochetomyremecini. Comprises two 
genera one of which, Tranopelta, occurs in Costa Rica. 


Tranopelta. A neotropical genus with one species, 
T. gilva, in Costa Rica. Biology: widely distributed 
but apparently rare, tiny yellow ants found under 


rocks in primary forest or second growth areas. 
The large queens are occasionally found at lights. 


MYRMICINAE: Pheidolini. Thisa tribe comprises eight 
extant genera two of which, Aphaenogaster and 
Pheidole, occur in Costa Rica. 


Aphaenogaster. A large cosmopolitan genus repre- 
sented in Costa Rica by at least three species. 
Similar to Pheidole but larger and with an undiffer- 
entiated antennal club. Biology: live in small 
colonies with a nest in the ground. They are soli- 
tary foragers and scavengers. 


Pheidole. A very large cosmopolitan genus with 
more than 100 species in Costa Rica. Antennal club 
3-segmented; propodeum toothed. Biology: very 
common and species are extremely variable in their 
habits. They construct nests in the ground, leaf 
litter, live or dead stems, or make carton nests. Most 
are generalized scavengers and predators, and many 
frequent extrafloral nectaries, but some harvest 
seeds, and at least one forms ant gardens. P. bicornis 
is an obligate plant-ant in Piper (Piperaceae). 
Further biological information: cephalica (Wilson, 
1986b), fiorii (Black, 1987). 


MYRMICINAE: Pheidologetonini. Comprises ten extant 
genera one of which, Oligomyrmex, occurs in Costa 
Rica. 


Oligomyrmex. Cosmopolitan. Eyes very reduced; 
workers dimorphic. There are at least three species 
in Costa Rica, two of which belong to a group 
of species accorded distinction as a separate 
genus, Erebomyrma, by some authors (e.g. Wilson, 
1986a; Hólldobler & Wilson, 1990a), and a 
third which is an extremely tiny species and 
probably belongs in Oligomyrmex sensu stricto. 
Biology: moderately common, leaf litter and soil 
inhabitants. 


MYRMICINAE: Solenopsidini. This tribe comprises 13 
genera. Four of these, Carebarella, Megalomyrmex, 
Monomorium and Solenopsis, occur in Costa Rica. 


Carebarella. A neotropical genus with only 
a single, very rare species, C. bicolor, known to occur 
in Costa Rica. Biology: only found in soil samples. 


Megalomyrmex. A neotropical genus with at least 
ten species present in Costa Rica. Taxonomy: 
Brandao (1990). Biology: most are known only 
from occasional workers in leaf litter, but a few are 
locally common in primary wet forest. These latter 
species nest in soil and may be found foraging on 
low vegetation and tree trunks, tending Homoptera 
or at extrafloral nectaries. 


Monomorium. A widespread, predominantly Old 
World genus with many synanthropic species that 
are widely distributed. At least three of these 
tramp species occur in Costa Rica. Biology: 
common only in human domiciles and other dis- 
turbed habitats. They are generalized omnivores 
and scavengers and very similar to Solenopsis in 
the field. M. pharaonis (Pharaoh's ant) is all yellow 
and a common pest in dwellings. M. ebeninum, 
which is all black, is moderately common in pas- 
tures in northwestern Costa Rica and M. floricola 
(bicoloured, with lighter mesosoma) is widespread 
in brushy areas. 


Solenopsis. A cosmopolitan genus with a potentially 
large number of species present in Costa Rica. S. gem- 
inata is the only 'fire ant' (named for its painful, alka- 
loid-containing venom) present. Taxonomy: Trager 
(1991). Biology: S. geminata are large, continuously 
polymorphic ants with well-developed compound 
eyes. They are very common in all lowland second 
growth and agricultural habitats, and common to 
rare in primary forests. They construct large conspic- 
uous nests in the soil, and are generalized omnivores 
and scavengers, foraging on low vegetation, or more 
commonly on the ground. The remaining species of 
Solenopsis are generally smaller, monomorphic 
(though at least one rare leaf litter species is dimor- 
phic, with a discrete soldier caste), and with eyes 
reduced to a few facets. They are often dominant 
ants in leaf litter and under epiphyte mats in the 
canopy. Forest clearings on the wet Atlantic slope 
are often dominated by a polydomous shiny black 
species of Solenopsis. Many Solenopsis species have 
strong recruitment capabilities. 


MYRMICINAE: Stegomyrmecini. This tribe comprises a 
single genus, Stegomyrmex. It has been found to occur 
in Costa Rica. 


Stegomyrmex. A neotropical genus with one 
species, S. manni, present in Costa Rica. Taxonomy: 
Diniz (1990). Biology: rare, wet forest ants that 
inhabit leaf litter. 


MYRMICINAE: Stenammini. This tribe comprises 18 
genera of which four, Adelomyrmex, Lachnomyrmex, 
Rogeria and Stenamma, occur in Costa Rica. The first of 
these is only very tentatively associated with the other 
genera in the tribe. 


Adelomyrmex. A neotropical/Indo-australian genus 
that is represented in Costa Rica by at least five 
species. Biology: usually rare ants that can be 
common on upper Atlantic slopes and in cloud 
forest. They occur in leaf litter. 


Lachnomyrmex. A neotropical genus with at least 
two species present in Costa Rica. Biology: generally 
rare, but can be common on upper Atlantic slopes 
(700-1500 m) and in cloud forest. They are found 
in leaf litter, often together with Adelomyrmex. 


Rogeria. A New World and Australian genus with 
at least five species in Costa Rica. Taxonomy: 
Kugler, 1994. Biology: rare, but widely distributed, 
inconspicuous small ants living in leaf litter, or 
occasionally arboreal. 


—Integument thickened, sometimes conspicuously sculptured; mesosoma often with spines 
| or sharp angles 


Stenamma. A widespread genus with at least 15 
species present in Costa Rica. Biology: can be very 
common in montane cloud forest, but they decrease 
in abundance at lower elevations, below about 700 
metres. These inconspicuous ants live in small 
colonies, in leaf litter and under epiphyte mats. 


MYRMICINAE: Tetramoriini. A primarily Old World tribe 
comprising seven genera, two of which occur in North 
America (possibly as introductions). One of these 
genera, Tetramorium, is represented in Costa Rica. 


Tetramorium. A widespread Old World genus that 
includes a number of cosmopolitan tramp species, 
two of which occur in Costa Rica. These are T. 
bicarinatum (bicoloured, large) and T. simillimum 
(uniform orange, small, superficially similar to 
Wasmannia auropunctata). Biology: very common in 
and around lowland dwellings, but generally very 
rare beyond house clearings. However, T. bicarina- 
tum is common in the Typha swamp at Palo Verde. 


DOLICHODERINAE (Shattuck, 1992a & b) 
This cosmopolitan subfamily comprises about 23 
genera, of which 11 occur in the Neotropics and five 


are present in Costa Rica. These may be distinguished 
by Table 16.4. In the New World, dolichoderines are a 


Dolichoderus 


-[ntegument thin and flexible, rarely sculptured; thoracic spines generally absent 


—Petiole scale-like (Fig. 16.36) 


—Propodeum with upward projecting tooth (Fig. 16.36) 


Propodeum without tooth 


—Petiole not scale-like (Figs 16.37, 16.38) 


Dorymyrmex 


Linepithema 


—Petiolar node readily visible; mesonotum raised slightly above pronotum (Fig. 16.37); 


head often ‘heart-shaped’ 


Azteca 


—Petiolar node tubular and often hidden; mesonotum not raised above pronotum 


(Fig. 16.38) 


Table 16.4. 
Rica (adapted from Hólldobler & Wilson, 1990a). 


Tapinoma 


Simple diagnostic characteristics of workers of the genera of Dolichoderinae occurring in Costa 


Figs 16.36-16.38. Dolichoderinae, lateral view of head and body; 16.36, Dorymyrmex sp.; 16.37, Azteca sp.; 16.38, 
Tapinoma sp. 


dominant component of the arboreal ant community, 
but they are nearly absent from the leaf litter. They 
rely heavily on carbohydrates for sustenance. Instead 
of a sting they are furnished with repugnatorial 
glands. 


Azteca. A neotropical genus with at least 25 species 
in Costa Rica. Biology: very common arboreal ants 
in lowland habitats (< 500 m) where they are gen- 
eralized scavengers. Many are very common at 
extrafloral nectaries and some tend Homoptera. 
Some species form large polydomous colonies that 
dominate the canopy; all tend to have large 
colonies. They nest in carton nests, ant gardens, 
living tree cavities and living or dead stems. Five 
species are obligate inhabitants of Cecropia 
(Longino, 1989a & b, in Huxley & Cutler, 1991). 


Dolichoderus (= Hypoclinea, Monacis). A cosmopoli- 
tan genus with at least seven species in Costa Rica. 
Taxonomy: MacKay (1993). Biology: arboreal ants 
that can be very common in lowland habitats (< 500 
m) where they are generalized scavengers. Many are 


very common at extrafloral nectaries and some tend 
Homoptera. Some species have large polydomous 
colonies. They nest in abandoned termite nests, 
loose-weave carton nests, or in dead wood. 


Dorymyrmex (= Conomyrma). A small neotropical 
genus with at least one species (cf. pyramicus) in 
Costa Rica. Biology: moderately common in lowland 
habitats (< 500 m), more common in open areas 
and secondary growth. They are generalized scav- 
engers and often frequent visitors to extrafloral nec- 
taries. The medium sized colonies nest in the ground. 


Linepithema (formerly placed in Iridomyrmex, 
which as now defined is absent from the New 
World). This genus is represented by at least one 
species (cf. iniquus) in Costa Rica. Biology: a rare, 
primary forest species. Workers have been collected 
at extrafloral nectaries and in leaf litter. 


Tapinoma. A. widespread mainly pantropical 
genus, several species of which are common tramps. 
At least four species occur in Costa Rica. Biology: 


Antenna 8- to 11-segmented; eyes greatly reduced (Fig. 16.39); pale yellow 


colour; strictly subterranean 


Acropyga 


Antenna 9- to 10-segmented; eyes of normal size (Fig. 16.40); colour variable; generally arboreal 


Antenna without club; petiole hidden under gaster (Fig. 16.40) 


Antenna with club; petiolar scale-like and prominent (Fig. 16.41) 


Antenna 12-segmented. 


Brachymyrmex 


Myrmelachista 


Antennae contiguous with posterior border of clypeus (Fig. 16.43); 
dorsum of mesosoma with stout, stiff hairs ; 


Paratrechina 


Antennae separated from posterior border of clypeus (Fig. 16.42); dorsum of mesosoma with thin, flexible hairs 


Polymorphic; eyes not usually bulging as strongly as Fig. 16.42; common 


Monomorphic; eyes strongly bulging (Fig. 16.42); rare 


Table 16.5. 
(adapted from Hólldobler €: Wilson, 19904). 


very common generalized scavengers and frequent 
visitors to extrafloral nectaries. Most are arboreal, 
with small or large colonies that often have very 
ephemeral nest sites in dead stems or in debris. T. 
melanocephalum is a pantropical tramp species that 
is common in houses in Costa Rica. Another 
species, cf. ramulorum, makes small carton nests 
under leaves (Black, 1987). 


FORMICINAE 


A large subfamily with about 50 genera classified in 13 
tribes throughout the world. Only nine genera occur in 
the Neotropics, six in Costa Rica. Species of this sub- 
family are often very abundant, and many are largely 
arboreal, but not dominant in Central America (unlike 
parts of South America where Camponotus femoratus 
may be a canopy dominant). Formicines rely heavily 
on carbohydrates for sustenance. Instead of a sting, 
formic acid is sprayed from the tip of the abdomen. 


FORMICINAE: Brachymyrmecini. This tribe comprises 
five genera, one of which is present in Costa Rica. 


Brachymyrmex. Mostly neotropical, but extending 
northwards into the southern United States. At least 
eight species occur in Costa Rica. Biology: very 
common in all habitats. Most are arboreal, nesting 


Camponotus 


Dendromyrmex 


Simple diagnostic characteristics of workers of the genera of Formicinae occurring in Costa Rica 


most often in dead stems or in various plant cavi- 
ties. Workers are common at extrafloral nectaries. 


FORMICINAE: Camponotini. Worldwide, a very species- 
rich tribe comprising ten extant genera. Two, 
Camponotus and Dendromyrmex occur in Costa Rica. 


Camponotus. An extremely large cosmopolitan 
genus with at least 40 species present in Costa Rica 
where they are sometimes known as 'hormigas 
agrias', or sour ants. Biology: very common in most 
habitats, where they are generalized scavengers; 
many are very common at extrafloral nectaries. 
Most are arboreal, with small or large, frequently 
polydomous colonies; nests are most often in dead 
stems, but also in live stems and in tree cavities. 
One species, C. sericeiventris, is a particularly 
common, diurnal ant in Costa Rica. 


Dendromyrmex. A neotropical genus with at least 
two rare species in Costa Rica. Biology: arboreal 
ants in primary wet forest where their small 
colonies construct nests of leaves bound together 
with carton and silk. 


FORMICINAE: Lasiini. This tribe comprises eight extant 
genera, one of which is present in Costa Rica. 


Figs 16.39- i 
sp.; 16.41, Myrmelachista sp. Figs 16.42-16.43. Head, front view; 


Paratrechina. Cosmopolitan. At least nine species 
occur in Costa Rica. Biology: P. longicornis is a 
pantropical tramp species, common in Costa Rican 
houses. The other species are native and may be 
very common in most habitats. They include both 
arboreal and leaf litter inhabitating forms. Many are 
generalized scavengers, and workers are common at 
extrafloral nectaries. Their nests are usually 
ephemeral, constructed in dead stems, various plant 
cavities, or in suspended debris, or they may con- 
struct small flimsy carton nests. P. caeciliae, for 


example, forms carton nests under leaves (Black, 
1987). 


FORMICINAE: Myrmelachistini. A small New World 
tribe comprising a single genus, Myrmelachista. It has 
been found to occur in Costa Rica. 


Myrmelachista. A neotropical genus with a single 
species present in Florida, where it might have been 
introduced. At least 14 species occur in Costa Rica. 


43 


16.43. Formicinae. Figs 16.39-16.41. Lateral view of head and body; 16.39, Acropyga sp.; 16.40, Brachymyrmex 


16.42, Dendromyrmex sp.; 16.43, Paratrechina sp. 


Biology: one set of species is common in mid-eleva- 
tion (ca. 1000 m) forests. These ants forage exter- 
nally on vegetation and can be common at 
extrafloral nectaries. They have large polydomous 
colonies, nesting in live or dead stems. Another set of 
species is very common, but cryptic, in low-elevation 
(< 500 m) wet forest. They are specialized plant-ants 
inhabiting live stems of understorey Lauraceae 
(Stout, 1979; Hammel, 1986) and Meliaceae. 


FORMICINAE: Plagiolepidini. This tribe comprises six 
extant genera, of which one, Acropyga, is known to 
occur in Costa Rica. 


Acropyga. Mostly pantropical; in the New World, 
extending northwards into the southern United 


States. At least four species occur in Costa Rica. 
Biology: probably common in soil (though infre- 
quently collected), but are most often encountered 
under stones or occasionally in leaf litter samples. 
According to Weber (1944) many species tend scale- 
insects, and some may be of economic importance 
by dispersing mealybugs on the roots of coffee plants. 
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Fig. 17.01. Chalybion sp. (Sceliphrini). 


Diagnosis. Body length 2.0 to 50.0 mm; both sexes 
fully winged (except in the Old World subfamily 
Heterogynainae); sexual dimorphism slight, although 
heads, and to some extent legs, vary between the 
sexes, often strikingly so; colour variable; body vesti- 
ture simple, setae not branched or plumose. Antenna 12- 
segmented in females, 13 in males (infrequently 12); 
inner eye margins straight, arcuate, sinuate or 
notched. Pronotum joined to mesothorax immovably, 
its hind margin straight and typically separated from 


mesoscutum by a constriction that contributes to the 
formation of a characteristic raised collar; posterolat- 
eral margin of pronotum produced into a rounded lobe that 
covers mesothoracic spiracle; pronotal lobe typically not 
attaining tegula, the mesoscutum and mesopleuron in 
broad contact there. Fore wing usually with numer- 
ous veins and enclosed cells, with a pterostigma; hind 
wing with enclosed cells, claval lobe present, jugal 
lobe usually present. Hind leg with cleaning pecten on 
inner side of basitarsus (absent in bees). 


622. 


Classification and distribution. The Sphecidae is 
a large family comprising, worldwide, over 8000 
species in 245 genera classified into 11 subfamilies: 
Ampulicinae, Sphecinae, Pemphredoninae, Astatinae, 
Laphyragoginae, Crabroninae (= Larrinae of authors), 
Entomosericinae, Xenosphecinae, Nyssoninae, 
Philanthinae and Heterogynainae (Bohart & Menke, 
1976; Day, 1984). The Larrinae has traditionally been 
separated from the Crabroninae, but they are treated 
here as a single subfamily following the opinions of 
Evans (1964c), Lomholdt (1985) and Menke (1988); 
Crabroninae is the older family-group name and is 
thus the correct name for the unified group. Although 
all eleven sphecid subfamilies are usually treated as 
comprising a single family, as is done in this chapter, 
Finnamore (in Goulet & Huber, 1993) treated the sphe- 
cids as nine distinct families. Recent phylogenetic 
analyses do suggest that some changes in the 
classificatory status of the various groups may need to 
be made eventually as the Sphecidae, as a single 
family, is almost certainly paraphyletic with respect to 
the Apidae. Lomholdt (1982) suggested that 
Ampulicinae + Sphecinae is the sister group to the 
bees + the rest of the sphecids, but Alexander's (1992) 
more comprehensive cladistic analysis failed to corrob- 
orate this. The status of the Heterogynainae remains 
subject to dispute. Alexander (1992) placed Heterogyna 
+ most Sphecidae and the Apidae s.l. as the sister- 
group to the Ampulicinae + Sphecinae, thereby 
confirming Day's (1984) placement of the group as a 
subfamily within the Sphecidae. Brothers and 
Carpenter (1993), however, placed Heterogyna as a 
separate family, the sister-lineage to the Sphecidae + 
Apidae. As Sphecidae, with or without Heterogyna, 
seems to be paraphyletic with repect to the Apidae, we 
here continue to follow Day’s interpretation, preferring 
to avoid recognizing a separate family until mono- 
phyletic families within the Apoidea are defined. 

Seven of the 11 sphecid subfamilies occur in Central 
America. Not present are the Laphyragoginae, 
Entomosericinae and Heterogynainae, which have dis- 
tributions centred in the dry Mediterranean region of 
the Old World and variously extend into the Central 
Asia, northern India or the Afrotropical region, and 
the Xenosphecinae which is confined to the south- 
western United States. These four subfamilies are very 
small groups, comprising in total about 20 species. 
The seven subfamilies present in Central America are 
represented in Costa Rica by 82 genera and about 
290 species. The actual number of sphecid genera in 


the Costa Rican fauna is likely to be 87 or more, and 
the number of species will probably exceed 400. 


Biology. Sphecids are primarily solitary wasps, 
although a few species exhibit presocial behaviour and 
one species of Microstigmus is eusocial (Matthews, 
1991). The larvae develop by feeding externally on 
arthropods provided for them by their female parent. In 
the majority of species the female provisions each cell in 
the nest with multiple prey, but in some of the more 
primitive sphecids (Ampulicinae and some Sphecinae) 
the female provides each larva with only a single prey 
item. In most instances the adult female catches live 
prey, which is paralysed by being stung, but species of 
Microbembex provide their young with dead insects 
scavenged from the surface of sandy areas. The fact 
that they still go through the motions of stinging sug- 
gests that they are derived from predatory ancestors 
(Evans, 1966a; Matthews & Evans, 1974). The venoms 
injected by stinging generally cause permanent paraly- 
sis or rarely even death of the host organism, and sphe- 
cids that do this conceal the immobilized arthropod, 
generally in a specially constructed hideaway, the nest. 
However, a few species of Larra (Steiner, 1984; Menke, 
1992a) and Chlorion that attack hosts living in burrows 
have venoms that only temporarily paralyse the host. 
These wasps lay an egg on the immobilized host, then 
leave. The host revives and continues to live in its 
burrow until killed by the developing wasp larva. Thus 
these wasps can be considered to be koinobiont ectopar- 
asitoids. Different species of Chlorion show different 
stages in the transition from parasitoid to nest-building. 

The females of most sphecid species that do con- 
struct nests build them prior to hunting for prey. 
Some species of Prionyx and Podalonia, however, 
capture their prey before excavating the nest, some- 
times temporarily caching the prey on a plant before 
digging (Evans, 1958; Kurczewski et al., 1992). As in 
other groups of solitary nest-provisioning aculeates, 
cleptoparasitism—ovipositing in nests constructed by 
other species—has evolved amongst the sphecids. 
Members of the tribe Nyssonini exhibit this habit. In 
Central America, for example, Epinysson species 
oviposit in nests of Hoplisoides (Reinhard, 1929—as 
Nysson and Hoplisus) and Zanysson species are clep- 
toparasites of Tachytes (Evans, 1966b). 

In most sphecids the lifetime fecundity is low, and 
an individual female seldom lays more than 15 eggs. 
The oocytes mature relatively slowly and the resultant 
eggs are quite large (O’Neill, 1985). Species of Larra, 


however, which do not construct nests, lay smaller 
eggs and are more fecund (Bohart & Menke, 1976). 
Sex ratios are usually 1:1 except where first-genera- 
tion males overlap and mate with females of the 
second generation, in which case the second genera- 
tion is often female-biased (Brockmann & Grafen, 
1992). An example of a Costa Rican species in which 
the demography has been intensively studied is 
Sceliphron assimile (Hunt, 1993). 


Nesting behaviour. Nests may be built below or above 
ground, but the former is probably the ancestral con- 
dition. The females of species that excavate burrows in 
soil are usually equipped with rows of specialized 
‘rake’ setae on the tarsus of the front leg. These fossor- 
ial species also tend to have broad mandibles for loos- 
ening soil and a well-developed pygidial plate on the 
last metasomal tergite, which is used for pushing soil. 
In Costa Rica ground-nesting sphecids include a few 
Sceliphrini (some Chlorion and Penepodium), some 
Sphecini (Prionyx and Sphex), Ammophilini, most 
Psenini, Astatinae, Larrini (often called ‘digger 
wasps’), Bothynostethini, Oxybelini, many Crabronini, 
Nyssoninae (‘sand wasps’) and Philanthinae. 

Four modes of digging behaviour have been recog- 
nized (Olberg, 1959; Evans, 1966b). ‘Rakers’ (e.g. 
Bembicini) excavate oblique burrows by vigorously 
moving the front legs while holding the abdomen high, 
thus throwing a stream of soil particles beneath and 
behind the body. ‘Pullers’ (e.g. Mellinus) also dig 
oblique burrows, but instead of throwing the soil back- 
ward they gather it in a mass between the head and 
front legs and then back out of the burrow to deposit it 
at the entrance. ‘Carriers’ (e.g. Ammophila) proceed in 
a similar manner, but rather than dump the soil at the 
burrow entrance they walk or fly with it, dropping the 
soil some distance from the entrance. Rakers often dig 
in sandy soil whereas pullers and carriers require soil 
particles that adhere in clumps. Several species use a 
combination of raking and pulling depending on the 
type of soil. Finally, ‘pushers’ (e.g. Cerceris, Crabro) dig 
vertical burrows by using the pygidial plate to push 
the soil as they back out of the burrow. 

Nests containing just one cell (e.g. Ampulicinae, 
Prionyx, Ammophilini) probably represent the ances- 
tral state in Sphecidae (Evans & West-Eberhard, 1970; 
Iwata, 1976), although in some cases unicellular 
nests may have evolved secondarily from multicellular 
nests (e.g. Microbembex, Steniolia, Stictia). Most sphe- 
cids construct multicellular nests, and among ground- 


o 


nesters the pattern in which individual cells are 
arranged varies between species and often within 
species (e.g. in different soil types). Cell arrangement 
may be irregular (diffuse) or serial, and the first cells 
may begin at the far end of the burrow or near the 
entrance. Nests of Astatinae, Philanthinae and some 
Crabroninae often include a temporary storage area 
just before the area containing the brood cells (Evans, 
1957a, 1971; Evans & Matthews, 1973). 

Many sphecids, including several primitive groups 
(Ampulicinae, some Sphecinae, many Liris) are not 
diggers, but instead use existing cavities as nest sites. 
Dynatus, for example, has been observed using 
burrows in wood that were previously occupied by the 
bee, Centris labrosa (Kimsey, 1978). More advanced 
groups of sphecids often modify the substrate to a 
greater extent by, for example, using their mandibles 
to excavate in old wood or plant stems (Psenulus, 
Pemphredonini, many Miscophini, Ectemnius, Lestica 
and Rhopalum). Most use tubular cavities such as 
beetle borings or plant stems and these sphecids will 
often adopt ‘trap nests’ placed in the field (Krombein, 
1967). Species that nest in tubular cavities generally 
construct a series of cells separated by partitions, 
which may consist of compacted wood fragments, 
mud (Chalybion, Trypoxylini) or even compacted 
fibres from blades of grass (Isodontia spp.). Some 
species of Isodontia have abandoned partitions, so that 
the larvae develop in a single large brood cell, which 
is unique in Sphecidae. Not all cavity-nesters use 
tubular cavities. Pison cressoni, for example, constructs 
mud cells in hummingbird nests (Oniki, 1970), aban- 
doned vespid nests, and larval tents of lasiocampid 
moths (Menke, 1988). 

A few sphecids do not require cavities, but just a 
surface on which to build a nest entirely of material 
gathered by the female. Preferred substrates are in 
sheltered places and include rock faces, tree trunks, 
undersides of leaves, buildings, etc. The most common 
construction material is mud and within the 
Sphecidae ‘mud-daubers’ have evolved in the 
Sceliphrini and in the Trypoxylini. Sceliphron uses its 
mandibles to gather a ball of mud from the margins of 
puddles, flies with it to the nest site, and applies it 
with its mouthparts and legs; 30-40 loads of mud are 
required to build one cell (Shafer, 1949; Evans & 
West-Eberhard, 1970). The completed nest consists of 
four to ten parallel cells and the entire mass is plas- 
tered over with more mud. Trigonopsis differs in that it, 
at least sometimes, quarries dry soil by adding water 


Figs 17.02-17.03. Sphecidae, nests; 17.02, Trypoxylon sp.; 17.03, Microstigmus sp. 


and it does not use its legs in construction, its long 
neck apparently serving to add mud from within the 
nest (Eberhard, 1974). Like Sceliphron some mud- 
daubing species of Trypoxylon gather mud with which 
they construct a series of parallel tubes (Fig. 17.02), 
but unlike Sceliphron these tubes open at the bottom 
and each consists of a linear series of cells. In some 
cases the nest is not covered with a final application of 
mud, and inverted V-shaped ridges may be evident 
(Cross et al., 1975). Old mud-dauber nests are often 
re-used by other species; Chalybion for example com- 
monly uses old Sceliphron nests. 

Species of Microstigmus (Pemphredonini) also con- 
struct exposed nests, but instead of mud they use 
plant material, combined with silk secreted by glands 
in the tip of the abdomen of the female. Silk produc- 
tion by adults is rare in Hymenoptera (occurring in a 
few other Pemphredonini), and the use of silk with 
plant material to form a pedicellate bag is unique to 
Microstigmus (Matthews, 1991). The plant material 
used in nest construction varies from species to species 


but in Costa Rica Microstigmus comes utilizes the waxy 
bloom on the undersides of leaves of the palm, 
Cryosophila guagara (Matthews, 1968b, in Janzen, 
1983), M. adelphus uses plant hairs (Richards, 1972) 
and M. thripoctenus uses wood chips (Matthews, 
1970b). The small, bag-like nests of Microstigmus 
species are suspended from the undersides of leaves, 
rootlets, sheltered rock faces or even overhanging 
roofs of buildings (see Fig. 17.03). Unlike other social 
insects, nest size depends on the amount of raw mate- 
rial gathered at the outset and there is no opportunity 
for subsequent expansion (Matthews & Starr, 1984). 
The larvae are reared in cells in the lower part of the 
nest, whilst the upper chamber, near the entrance, is 
occupied by adults. Nests of Microstigmus may be 
usurped by Trypoxylon latro, which line abandoned 
nests with mud (Matthews, 1983). 


Social behaviour. Although the vast majority of sphecid 
species are strictly solitary in their nesting habits, pre- 
social behaviour appears to have evolved indepen- 


dently in several lineages, and eusocial behaviour is 
now well documented in one species. The most 
common type of presocial behaviour is communal 
nesting, whereby several females co-operate in building 
a common nest with each female provisioning her own 
brood cells. Several ground-nesting sphecids such as 
Bembecinus quinquespinosus (Evans et al., 1986), Stictia 
heros (Sheehan, 1984) and S. maculata (Matthews et 
al., 1981) nest in aggregations, but each female builds 
her own nest and these species are therefore solitary. 
Co-operative nest building on the other hand is known 
to occur in certain species of Sphecinae, Pemphre- 
doninae, Crabroninae, Nyssoninae and Philanthinae 
(Matthews, 1991). Examples of nest sharing in species 
occurring in Costa Rica include Sphex ichneumoneus 
(Brockmann & Dawkins, 1979; Brockmann et al., 
1979), Trigonopsis cameronii (Eberhard, 1972, 1974), 
Microstigmus spp. (see below), Tachytes distinctus (Lin 
& Michener, 1972), Trypoxylon (Trypoxylon) fabricator 
(Sakagami et al., 1990), Trachypus mexicanus (Menke, 
1980), T. petiolatus (Evans & Matthews, 1973) and 
Cerceris intricata (Alcock, 1975). Different populations 
of the same species may vary in the extent to which 
nest sharing occurs. 

Communal nesting, where several females of the 
same generation co-operate in constructing and 
defending the nest, is generally considered to be an 
intermediate stage in the evolution of eusocial behav- 
iour via the parasocial route (see chapter 2.6). The 
other route to eusociality, the subsocial route, can 
occur when adult offspring remain in their natal nest 
and live in association with their mother. Although 
many sphecids tend to nest close to their natal nest 
sites, and some even re-use the same nest in which 
they developed (e.g. many Cerceris; Hook, 1987), the 
mother often does not live long enough to associate 
with her adult offspring. Thus the relatively short 
female life span, such that mothers rarely overlap 
with daughters, may be an important factor explain- 
ing the lack of significant social evolution in 
Sphecidae (Evans & West-Eberhard, 1970). . 

Eusocial behaviour occurs in Microstigmus comes 
(Matthews 1968a & b; Ross & Matthews, 1989a & b, 
1991). Several females (usually three to eight) co- 
operate in constructing a nest, and then in the provi- 
sioning of the cells within, one at a time, with 
collembolans. Nests can be constructed entirely by a 
single foundress, but groups of co-operating females 
establish a nest more rapidly. Genetic relatedness of 
female nestmates suggests that colonies consist of 


mother-daughter groups. The putative mother of a 
colony (the 'queen') weighs more than other females 
in the nest and appears to be the exclusive egg-layer. 
The achievement of eusociality in M. comes is perhaps 
best explained by a combination of attributes: unique 
mode of nest construction, sufficiently long adult life 
spans to allow continuously overlapping generations 
and use of tiny but abundant prey (Matthews, 1991). 


Hunting and provisioning behaviour. The type of food 
organisms provided for the larva by the adult female is 
often characteristic of the genus or tribe (Table 17.1). 
In the case of holometabolous prey the adult stage is 
usually utilized, although Ammophilini use lepidopter- 
ous larvae to provision their nests. When the prey is a 
hemimetabolous insect, however, either the immature 
or adult stage may be taken indiscriminately. 

Species of sphecids show varying degrees of prey 
specificity. At La Selva Biological Station in northeast- 
ern Costa Rica Trypoxylon (Trypargilum) xanthandrum 
preys mostly on spiders of the family Senoculidae, T. 
superbum mostly on Salticidae (including ant-mimick- 
ing species), and T. agamemnon and T. vagum mostly 
on Araneidae (Coville, 1981b; Coville & Griswold, 
1983, 1984). On the other hand T. spinosum and T. 
tenoctitlan take a wide range of spiders. Different 
species groups of Cerceris appear to specialize on 
Tenebrionidae or Buprestidae, Chrysomelidae or 
Curculionidae (Scullen & Wold, 1969; Callan, 1990), 
and those that attack weevils often show a great deal 
of specificity (Evans, 1971). Among the most poly- 
phagous sphecids are some species of Microbembex, 
which scavenge a wide variety of dead Diptera and 
other insects (Bohart & Menke, 1976). 

Individual wasps sometimes specialize on particular 
prey items, suggesting that they learn to search 
certain types of areas more intensively. Within these 
areas there are probably certain stimuli that elicit 
more intensive local searching behaviour. Mellinus 
species are reported to hunt flies at dung, the female 
wasp stalking an individual fly in a ‘cat-like’ manner 
(Hamm & Richards, 1930; Evans, 1989). At a close 
distance (about 10-15 cm) odour appears to be the 
predominant stimulus, which may explain why sphe- 
cids are rarely deceived by visually mimetic prey. 

Some sphecids possess morphological adaptations 
for capturing particular types of prey. The long 
mandibles of Podium and Trigonopsis, for example, may 
serve in capturing cockroaches (Eberhard, 1974). 
Although definite evidence is lacking, it is possible 


Prey group Sphecid taxa 
Araneae 
Blattaria 
Coleoptera 
Collembola 
Diptera 


Microstigmus 


Hemiptera 
Homoptera 
Hymenoptera 
Lepidoptera 
Orthoptera 
Psocoptera 
Thysanoptera 


Philanthini 

Ammophilini, Lestica ~ 
Sphecini, Larrini, Scapheutini 
Nitela 

Microstigmus, Spilomena, Xysma 


Chalybion, Sceliphron, Miscophus, Trypoxylini 
Ampulicinae, Dynatus, Penepodium, Podium, Trigonopsis 
Bothynostethus, Entomognathus, Cercerini 


Oxybelini, Crabro, Ectemnius, Podagritus, Rhopalum, Mellinus, Bembix, Rubrica, Steniolia, Stictia 
Astatinae, Solierella, Anacrabro, Bicyrtes 
Psenini, Polemistus, Stigmus, Entomocrabro, Quexua, Gorytini, Stizini 


Table 17.1. Principal prey of sphecid taxa occurring in Central America. Prey records mostly from Bohart & 
Menke (1976); records for Scapheutini from Cooper (1988, 1993a) and Vardy (1987); record for Quexua from 


Cooper (1986b). 


that the prominent clypeal protuberances in female 
Cerceris are related to the capture of adult beetles. 

Upon capturing the prey the female sphecid stings it 
and injects a venom. Generally envenomation induces 
permanent paralysis, although in some Sphecinae and 
Larrini only temporary paralysis results (Steiner in 
Piek, 1986). The venom affects the neuromuscular 
system and does not appear to be specific to a particu- 
lar type of prey. Nonetheless, anatomical differences 
between prey seem to necessitate different stinging 
procedures since Hemiptera and adult holometabolous 
insects are generally stung just once in the venter of 
the thorax, whereas orthopteroid insects and caterpil- 
lars are stung several times in different regions of the 
body. Paralysing (rather than outright killing) the 
prey prevents it from rotting, which is especially 
important for mass-provisioners (see below). Among 
sphecids that practice progressive provisioning there is 
less need to ensure that the prey remains fresh for 
long periods, and many bembicines that progressively 
provision have a venom that kills their prey (Evans, 
1966a €: b). Many Pemphredonini that prey on small 
delicate insects—such as aphids, thrips and collem- 
bolans—often kill and masticate the prey before carry- 
ing it to the nest. 

The vast majority of sphecids utilize mass provision- 
ing, whereby the cell is fully provisioned and sealed 
before the larva begins to develop. Many Stizini and 
Bembicini demonstrate a stage intermediate between 
mass and progressive provisioning. Here the egg is 
usually laid on the first prey item brought into the 
nest (in the case of Bembix it is laid in the empty cell) 


and then after the larva begins to feed, several more 
prey are rapidly added and the cell is sealed. A North 
American species of Ammophila simultaneously tends 
several nests containing developing larvae and the 
female wasp is in contact with her offspring through- 
out their larval development (Evans, 1965c). 


Defence against natural enemies. Sphecid prey and 
larvae are vulnerable to attack by a range of clep- 
toparasites, parasitoids and predators (see Chapter 
2.6). Many aspects of sphecid behaviour appear to be 
adaptations for minimizing mortality inflicted by these 
natural enemies (Spofford et al., 1986; Evans & 
O’Neill, 1988). Such behavioural responses can be 
grouped in four categories: 


1) Returning to the nest. Female sphecids return to 
the nest using visual landmarks that they learned 
during ‘orientation flights’ while building the 
nest. Frequently the prey-laden female is followed 
by cleptoparasitic ‘satellite flies’ (Sarcophagidae: 
Miltogramminae), and to thwart these pursuers 
many sphecids employ diversionary tactics in 
their flight to the nest (McCorquodale, 1986). 
Another means of avoiding pursuing cleptopara- 
sites is to forage during a time of the day when 
the latter are less active. Some species of Crabro, 
for example, provision very early in the morning 
and at dusk, when miltogrammine flies are less 
active (Evans et al., 1980). 

The manner in which prey is carried by the 
female when returning to the nest has evidently 


evolved independently of prey type, and different 
types of prey carriage show phylogenetic patterns 
(Evans, 1962). The putative ancestral form can be 
seen in Ampulicinae, where the female grasps the 
cockroach prey by the antennal bases with her 
mandibles and walks backward, dragging it to the 
nest. This form of prey carriage is unique in 
Sphecidae, but common in Pompilidae where 
females frequently walk backwards dragging a 
paralysed spider (Evans, 1953). Some Sphecinae 
and Larrini also grasp the prey with their mandibles 
and drag it to the nest, but they walk forwards. If 
smaller prey are utilized the prey can be carried 
with the mandibles in flight (Sphecinae, Larrini, 
Pemphredonini, Astatinae, Trypoxylini, Mellinini, 
Cercerini). However, carrying prey in the mandibles 
entails risks upon arrival at the nest, since either 
the nest must be left open, and hence vulnerable to 
intruders, or the prey must be temporarily aban- 
doned while the nest is opened, and thus vulnerable 
to waiting cleptoparasites. Presumably these risks 
selected for prey carriage utilizing the middle legs. 
In such cases the prey is always carried in flight 
and is not abandoned while the nest is opened 
(Crabronini, Gorytini, Stizini, Bembicini, 
Philanthini). The most advanced stage of this evolu- 
tionary sequence is thought to be prey carriage uti- 
lizing the hind legs, or even the sting (Oxybelini). 


2) Nesting behaviour. Many sphecids attempt to 


conceal their nests, which is thought to reduce the 
likelihood of their discovery by natural enemies. 
This may be done in a variety of ways depending 
upon the nesting behaviour of the species involved. 
Mounds of freshly excavated soil can serve as an 
indication of the presence of a nest, and many 
ground-nesting sphecids, such as Bembix multipicta 
and Stictia maculata, level the mounds of soil that 
accumulate around their burrow entrance (Evans, 
1966a; Matthews et al., 1981). Other species, such 
as Bicyrtes and Microbembex, throw the soil while 
excavating and thus there is no need for levelling. 
Many sphecids, such as Bembix multipicta and 
Stictia heros, block the nest entrance with a tempo- 
rary closure, in order to impede entry by intruders 
while the female is away hunting (Cane & 
Miyamoto, 1979; Sheehan, 1984). The disadvan- 
tage of such temporary closure is that when the 
female arrives carrying prey, more time is required 
at the entrance, allowing certain miltogrammine 


flies an opportunity to larviposit on the prey before 
the female enters the nest. Perhaps for this reason 
certain sphecids, such as Cerceris binodis, leave the 
entrance open, thus permitting the returning 
female to drop directly into the entrance and close 
it from inside (Evans, 1971). 

Final nest closure in ground-nesting groups is 
related to digging behaviour. Thus ‘rakers’ (e.g. 
Bembicini) face away from the burrow and scrape 
soil into the hole, whereas ‘carriers’ (e.g. Ammophila) 
collect pebbles or other particles that they carry 
back to the nest in order to fill the burrow. Most 
sphecids use the tip of the abdomen for packing soil 
in the burrow but Sphecinae pound the soil with 
their heads, or in the case of some Ammophila, with 
a pebble held in the mandibles. In stem-nesters the 
final plug is usually preceded by an empty vestibular 
cell and the plug itself is often similar to the material 
used in making nest partitions. 

Several ground-nesting sphecids excavate acces- 
sory burrows, which may serve to divert the atten- 
tion of parasitoids and cleptoparasites (Evans, 
1966c), for example in Stictia heros (Sheehan, 
1984). Other aspects of nesting behaviour that may 
serve to reduce mortality by natural enemies include 
nesting in dense aggregations (Rosenheim, 1990), 
construction of nests with few cells, and construc- 
tion of intricate tunnels in multicellular nests. 


3) Nest guarding by males. In species of Trypoxylon 


(Trypargilum) the male remains in the nest while his 
mate is out hunting (Richards 1934; Coville & 
Coville, 1980; Brockmann & Grafen, 1992). These 
male nest guards sometimes drive off solitary forag- 
ing ants, but are probably less effective against 
bombyliid and miltogrammine flies (Krombein, 
1967). They also prevent other females of the same 
or different species from taking over the nest. Males 
of Trypoxylon nitidum, for example, were usually 
able to discourage females of T. tenoctitlan from 
entering the nest (Coville, 1981a). T. superbum does 
not make a final thick nest closure as do other 
members of the subgenus, probably because the 
males of this species guard the nest until all larvae 
have formed cocoons (Coville & Griswold, 1984). 
Similar nest guarding behaviour by males occurs in 
Dynatus (Kimsey, 1978), Tachytes distinctus (Lin & 
Michener, 1972), Trypoxylon (Trypoxylon) fabricator 
(Sakagami et al., 1990), some Pison (Antropov, 
1990) and Oxybelus (Hook & Matthews, 1980). 


4) Direct removal of natural enemies. Some Oxybelus 
chase intruders away from the nest site (Bohart & 
Menke, 1976), and both Bembix multipicta and 
Stictia maculata have been observed physically 
removing ants from the vicinity of the nest (Cane & 
Miyamoto, 1979; Matthews et al., 1981). Within 
the nest itself, progressive provisioners are in 
contact with the larva in its cell for a longer period 
of time, and thus presumably have more opportu- 
nities for cleaning the nest of intruders than do 
mass provisioners. 


Immature stages. Sphecid larvae are relatively immo- 
bile and perhaps for this reason the adult female 
places the egg in a specific location on the prey, the 
exact position being more or less constant within 
sphecid taxa. In the case of hard-bodied prey the egg 
is usually placed on some weak point in the integu- 
ment such as the front coxa (Sceliphrini, Sphecini), 
mid coxa (Ampulicinae), hind coxa (Psenini, some 
Gorytini), prosternum (Astatinae, some Crabronini), 
the beak of Hemiptera (Bicyrtes), or the wing base of 
flies (Rubrica). Others attach the egg by the posterior 
end only, usually on the underside of the prey, so that 
the emerging larva can move its head about (e.g. 
Cercerini). Those utilizing spiders usually place the egg 
on the ventral part of the abdomen (Trypoxylini). 
Some progressive provisioners lay the egg in the 
empty cell (Stizini, Bembix). 

Sphecid larvae have ten pairs of well developed spir- 
acles, mandibles with one or more lateral setae or sen- 
silla, labrum usually somewhat bilobed, and maxilla 
with both palpus and galea well developed. In 
Ampulicinae and Sphecinae the spinneret is a long 
transverse slit, whereas in the other subfamilies the 
spinnerets are paired (Evans, 1987a). The cocoon 
spun by the fifth instar larva varies between groups. 
Many Nyssoninae incorporate sand grains into the 
walls of the cocoon and construct an elaborate series 
of pores, which are presumably adaptations allowing 
the pupa to survive should the nest become exposed 
(Evans et al., 1974). In contrast the cocoons of 
Philanthinae, which are situated deeper in the soil, 
are delicate and thin-walled (Evans & O’Neill, 1988). 
Twig nesters likewise have fragile cocoons and 
Microstigmus species form none at all. 


Adult feeding and ‘sleeping’. As in other Hymenoptera, 
adult sphecids feed on sugary solutions from flowers, 
extrafloral nectaries and honeydew. Species of 


Sphecinae and Philanthinae are common on flowers 
whereas Pemphredoninae and Crabronini tend to 
prefer honeydew. Most sphecids have short tongues 
and are thus more common on flowers with shallow 
corollas such as Euphorbiaceae and Umbelliferae. 
However, Ammophila, Bembix and especially Steniolia 
have elongate mouthparts and exploit a variety of 
flowers (Evans, 1966b). Trigonopsis cameronii has been 
observed feeding on leaves and green berries of 
Solanum, where they show intraspecific aggression 
(Eberhard, 1974). In addition, many sphecids (e.g. 
Ampulicinae, Crabroninae, Mellinini) feed on body 
fluids exuding from prey that will eventually be given 
to the larva, or even completely devour a prey item 
(e.g. Evans, 1989). 

Like many other insects sphecids pass the nights and 
periods of inclement weather in a non-active state that 
has been called ‘sleeping’ (Evans, 1966b). Individual 
females sometimes spend the night in the nest 
(Bembix), in a short burrow apart from the nest 
(Microbembex), or on plants, where they often grasp 
the plant in a characteristic pose. Males sometimes 
dig special burrows of their own in which to spend 
the night (e.g. Astata, Bembix, Microbembex), in 
which case they often possess rake setae on the fore 
basitarsus. In other species male and female wasps 
form large sleeping aggregations on vegetation 
(Ammophila, Bembecinus, Steniolia) or on the undersides 
of rock ledges (Bembecinus quinquespinosus—Evans et 
al., 1986). Some loose aggregations consist of different 
species, but compact aggregations usually consist of a 
single species (both sexes or only males). In Costa Rica 
aggregations of Chalybion are often seen on porches, 
the adults returning each night to the same site (F. 
Parker, pers. comm.; Prentice & Walker, 1991). 


Mating behaviour. Most female sphecids are thought to 
mate only once in their lives, the notable exceptions 
being those species of Trypoxylon and Oxybelus where 
males guard the nest (Coville & Coville, 1980; 
Brockmann & Grafen, 1992; Hook & Matthews, 
1980), and at least one species of Mellinus where 
males are also territorial. In some sphecids the males 
patrol for receptive females in areas where the latter 
are emerging and/or nesting. For example, among 
species occurring in Central America, this type of 
mate searching is reported in Bembecinus quinque- 
spinosus (O'Neill & Evans, 1983), Microbembex mon- 
odonta, Bembix multipicta (Evans, 1966a) and Cerceris 
truncata (Werner, 1961). Unlike bees, very few sphe- 


cids mate in areas where the females are foraging. 
Among those that do are Ammophila procera (Bohart & 
Knowlton, 1953) and a North American species of 
Mellinus, the latter defending territories on dung 
where females come to hunt flies (Evans, 1989). In 
other species males defend territories near areas where 
females are nesting/emerging, as in Tachysphex termi- 
natus (Kurczewski, 1966) and many Philanthinae 
(Evans & O'Neill, 1988). In all species of Philanthinae 
where territoriality has been observed, the males mark 
their territories with pheromones produced by the 
mandibular glands, applying the chemicals to stems of 
plants by means of hair brushes on the clypeus (Evans 
& O'Neill, 1988). Although territoriality is widespread 
in the Sphecidae, scent-marking of territories appears 
to be restricted to this subfamily. 

In many species of Crabro, including C. costaricensis, 
the male forelegs are greatly modified, and these 
modifications appear to be used in courtship by the 
male (Low € Wecislo, 1992). Another Costa Rican 
crabronine (apparently a species of Crossocerus) has 
extremely modified hind legs. In many Bembicini males 
fly about over the nesting area, occasionally pausing to 
assume a characteristic pose with the body close to the 
ground and the legs extended rather rigidly; males and 
females typically come together in the air, but fly off to 
mate on the ground or on a plant (Evans, 1966a). 


Mimicry. A few Costa Rican sphecids, especially in the 
Gorytini, appear to mimic polistine vespids (see 
Chapter 15). At mid-altitudes (1500-2000 m) 
Neogorytes and one species of Ochleroptera have 
slender, dark bodies with darkened fore wings as in 
Agelaia panamensis. At lower altitudes a species of 
Sagenista has a robust, dark body with the fore wings 
dark basally but transparent distally, as in 
Parachartergus. A species of Hoplisoides is similar but 
the wings are yellowish with darkened apices, as in 
Polybia rejecta. Species of Megistommum, Neoplisus, 
Psammaletes, Pseudoplisus and many Cerceris are pre- 
dominantly yellow with black markings, as in Agelaia 
areata. At least one species of Stigmus has the black— 
orange—black pattern that is so common in 
Scelionidae (see Chapter 9), although in this case it is 
not clear what the model is. 


Economic importance. Certain species of 
Philanthini, especially in the Old World, are serious 
predators of honey bees. Many sphecids, however, are 
beneficial since they prey on groups of insects that are 


potentially pests, and a few have been used in classical 
biological control programmes (Clausen, 1978). Larra 
bicolor was introduced from Brazil into Puerto Rico to 
control the mole cricket, Scapteriscus vicinus 
(Gryllotalpidae). Although it became established, its 
effectiveness was apparently dependent upon the pres- 
ence of certain plants whose flowers provide food for 
the adult wasps (Menke, 1992a). Ampulex compressa 
was introduced from New Caledonia into Hawaii to 
control the american cockroach, Periplaneta americana. 
It became established and evidently plays at least 
some role in lowering the population of the cockroach 
(Williams, 1942). A. compressa is now present in 
Venezuela as well (Menke & Yustiz, 1983). 

Although most biological control efforts have empha- 
sized introductions of exotic species, native sphecids 
could potentially be manipulated through construction 
of trap nests, providing nesting sites in preferred soil 
types (e.g. Ammophila and Tachysphex), sand piles (e.g. 
Bembicini), a dripping source of water (for mud) and 
flowers (for food) (F. Parker, pers. comm.). 


Identification. The subfamilies and tribes of 
Sphecidae occurring in Costa Rica can be identified 
with the following key. Keys to the world genera of 
Sphecidae are provided in Bohart & Menke (1976); 
keys (in Spanish) to the neotropical genera will soon 
be available (Fernandez & Menke, in prep.). 


Key to the subfamilies and tribes of Costa 
Rican Sphecidae 


] Metasoma petiolate, petiole composed of sternite 


I only; jugal lobe of hind wing large 
(Fig. 17.04). 
[Usually medium to large wasps.] ................ 


AAA (Sphieeitide) ns. oca 
—  Metasoma variable, if petiolate, then jugal lobe 
small (Figs 17.05, 17.06); jugal lobe otherwise 
E E O Haoconoeaeno 4 


2 Fore wing with 2m-cu joining M distal to 2rs-m, 
on third submarginal cell (Fig. 17.07); tarsal 
claws with two teeth near base (Fig. 17.09). .. 
s LET OCLC a OPER SEES Sphecini (p. 637) 

— Fore wing with 2m-cu joining M proximal to 
2rs-m, on second submarginal cell (Fig. 
17.04); tarsal claws with one tooth near base 
(ios LO OL LOCUM. a oerte 3 


3 


10 


Tarsi with plantar lobes ventrally (Fig. 17.08) 
and/or claws with mesal tooth (Fig. 17.10). ... 
Oe Sceliphrini (p. 637) 

Tarsi without plantar lobes, and claws simple, 
without tooth. ........... Ammophilini (p. 638) 


Mid tibia with two apical spurs. ..................-- 5 
Mid tibia with one apical spur. ....................... Wt 


Tarsal claws with tooth (cf Fig. 17.10); notauli 


usually present. .......... (Ampulicinae) ......... 6 
Tarsal claws without tooth; notauli present or 
A o A 7 


Metasoma petiolate; fore wing with distal apex of 
marginal cell removed from wing margin 
a z Loim Ampulicini (p. 637) 

Metasoma sessile; fore wing with distal apex of 
marginal cell ending on wing margin 
Rigal 72) e Dolichurini (p. 637) 


Hind wing with jugal lobe large (cf Fig. 17.04); 
fore wing with distal apex of marginal cell 
truncate (Fig. 17.13). 

[Body stout, usually black.] .......................... 
II A a a Astatinae (p. 639) 

Hind wing with jugal lobe small (cf Figs 17.05, 

17.06); fore wing with marginal cell variable. 


Fore wing with abscissa of Sc+R between Rs and 
base of pterostigma very long, much more 
than half length of first submarginal cell 
(Fig. 17.14). .... Nyssoninae: Stizini (p. 648) 

Fore wing with abscissa of Sc+R between Rs and 
base of pterostigma shorter, about half or less 
of the length of first submarginal cell. .......... 9 


Fore wing with second submarginal cell not 
receiving either 1m-cu or 2m-cu (Fig. 17.15); 
metasomalpeliolate» - e... er eee eret 
vaste Nyssoninae: Mellinini (p. 644) 

Fore wing with second submarginal cell receiv- 
ing either 1m-cu or 2m-cu or both (Figs 17.16, 
17.17); metasoma sessile. ........................... 10 


Fore wing with second submarginal cell triangu- 
lar, petiolate above so that 2rs-m joins Rs 
before Rs meets 2r-rs (Fig. 17.16), or with two 


ILI 


12 


LS) 


14 


15 


17 The sphecid wasps (Sphecida: 


enclosed submarginal cells; propodeum with 
posterolateral projection or spinose process 
(Fig; 179296). e RES 
——— MÀ Nyssoninae: Nyssonini (p. 644) 
Fore wing with three submarginal cells, the 
second neither triangular nor petiolate above, 
thus with 2rs-m joining Rs after Rs meets 
2r-rs (Fig. 17.17); posterolateral corners of 


propodeumSroumded. ee: enm 
Ar. Nyssoninae: Gorytini (p. 645) 
Inner margins of eyes notched, sometimes 
Weak so (Pig U72 IIA 12 


‘Inner margins of eyes straight, sinuate or 


arcuatenbutimotmoteWed® <..........:...........0-0 13 


Hind wing with jugal lobe large (cf Fig. 17.04); 
clypeus always broad, at least twice as 
broad as long, and with antennal sockets 
not contiguous with clypeofacial suture 
(cf Fig. 17.24). Infrequently collected. ............. 
b Philanthinae: Philanthini (p. 649) 

Hind wing with jugal lobe small (cf Fig. 17.06); 
clypeus various, usually narrow, less than 1.5 
times as broad as long (Fig. 17.21) or if broad, 
then with antennal sockets contiguous with 
clypeofacial suture. Very common in collections. 
od MER n Crabroninae: Trypoxylini (p. 639) 


Fore wing with two or fewer submarginal cells 
(Figsell7-1. 8210742 0) RE ON 14 
Fore wing with three submarginal cells 
(Figs 1172059817706)... 22. ee a7 


Metanotum posterolaterally with pair of folia- 
ceous squamae (Fig. 17.27); propodeum with 
basal projection (mucro); fore wing with first 
submarginal and first discal cells confluent, 
oran gasa cali ANS) eee eee. 
me. Crabroninae: Oxybelini (p. 640) 

Metanotum not foliaceous; propodeum without 
basal process; fore wing with first submarginal 
and first discal cells separate (Figs 17.19, 
17:20) A E A E TM 15 


Fore wing with two submarginal cells, or if only 
one or none, then pterostigma is large, its 
hind margin strongly arcuate (Fig. 17.19). ..... 
Pemphredoninae: Pemphredonini (p. 638) 


16 


17 


18 


19 


20 


21 


Fore wing with a single submarginal cell and 
pterostigma narrow (Fig. 17.20). ............... 16 


Antennal scape longer than combined length of 
pedicel and first two flagellar segments, 
usually equal to pedicel plus at least first four 
flagellar segments (Fig. 17.22). ....................... 
eee Crabroninae: Crabronini (p. 640) 

Antenna with scape not longer than combined 
length of pedicel and first two flagellar seg- 
A REL 
.... Crabroninae: some Miscophini (p. 639) 


Metasoma with slender petiole composed of ster- 
nite only, tergite I displaced to apex of petiole. 
TM Pemphredoninae: Psenini (p. 638) 

Metasoma sessile, or with stout petiole composed 
oftergite and sternite. ........eoee cce eene eon nenne 18 


Ocelli specialized, either with the front and/or 
hind ones deformed, flattened (Figs 17.28, 
17.29) or all ocelli large and sunken into 


VGN SP ENSE aa PORPOLOOOAPO TODO E 19 
Ocelli unspecialized, circular with convex lens 
and not sunken into vertex. ................. 20 


Labrum elongate, noticeably longer than wide 
(Fig. 17.23); hind wing with jugal lobe at 
most a little more than half as long as claval 
area (Fig. 17.30); robust wasps, often with 
vellowsand»black3patteElSb....... cus eo eo e eene onn 
AE OOO EEE Nyssoninae: Bembicini (p. 648) 

Labrum about as long as wide, or shorter; hind 
wing with jugal lobe subequal to length of 
claval area (Fig. 17.31); body typically black, 
(yc juive roy A a E 
RONDE TETTEERE Crabroninae: Larrini (p. 639) 


Hind femur thickest towards its base, its apex 
Woo A A UL LLL Se 
.... Crabroninae: some Miscophini (p. 639) 

Hind femur thickest distally, outer apex with 
flattened plate that projects downwards, plate 
teardrop-shaped, its surface often setose, often 
margined by carina (Fig. 17.32). ............... 2l 


Inner margins of eyes parallel or nearly so; 
antennal sockets not contiguous with fronto- 


clypealisuture (Rip 7. 24)1: 5 aa accion 
AE Philanthinae: Cercerini (p. 649) 
— Inner margins of eyes strongly converging below; 
antennal sockets contiguous with fronto- 
clypealtsutume (Fig. 1725) eree 22 


22 Hind wing with M and Cu diverging proximal to 
cross vein cu-a (Fig. 17.05); fore wing with 
3rs-m joining Rs near apex of marginal cell. ... 
SS Crabroninae: Scapheutini (p. 640) 

— Hind wing with M diverging from Cu distal to cross 
vein cu-a (Fig. 17.06); fore wing with 3rs-m 
joining Rs near middle of marginal cell. .......... 
cee Crabroninae: Bothynostethini (p. 640) 


Synopsis of the Costa Rican taxa 


Seven of the eight subfamilies known in the New 
World are represented in Costa Rica; absent is the 
Xenosphecinae, which is restricted to southwestern 
North America. We have seen 82 genera from Costa 
Rica, but five additional genera are expected to occur 
in the country (Table 17.2). About 290 species are 
known from Costa Rica but the actual number is 
probably 400 or more. 

Costa Rica (and Panama) is a zoogeographic cross- 
roads as far as Sphecidae is concerned. A number of 
South American genera (e.g. Microstigmus, Quexua, 
Neogorytes, Parataruma, Scapheutes, and Bohartella) 
reach this area, but seemingly go no farther north, 
Several North American genera (e.g. Podalonia, 
Chalybion, Mimumesa, Psenulus, Crabro, Lestiphorus, 
Psammaletes,  Pseudoplisus, . Tanyoprymnus and 
Eucerceris) extend southward as far as Costa Rica or 
Panama. The genus Pisonopsis has a disjunct distribu- 
tion: North and Central America and southern South 
America; the northern element extends southward 
into northwestern Costa Rica. South American species 
that appear to reach the northern limit of their distrib- 
ution in Costa Rica include Chlorion viridicoeruleum, 
Dynatus nigripes, Pison abathes, P. arachniraptor, P. 
maculipenne, P. cooperi and P. gnythos. The genera to 
which these species belong extend northward into 
Mexico or North America. Likewise, certain northern 
species reach south only as far as the seasonally dry 
northwest of Costa Rica: Ammophila procera, 
Eremnophila aureonotata, Prionyx parkeri, Tachysphex 


PLANTAR 
LOBES 


Figs 17.04-17.10. Sphecidae. Figs 17.04-17.06. Fore and hind wing; 17.04, Penepodium sp. (Sceliphrini); 17.05, Scapheutes 
sp. (Scapheutini); 17.06, Bothynostethus sp. (Bothynostethini). Fig. 17.07. Fore wing, Sphex sp. (Sphecini). Fig. 17.08. Hind 


tarsal segments 2—4, Sceliphron sp. (Sceliphrini). Figs 17.09-17.10. Tarsal claws; 17.09, Isodontia sp. (Sphecini); 17.10, 
Chlorion sp. (Sceliphrini). 
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SM 1 Sc+R 


h d 7 7 i r Dolichurini); 17 23. Astata 
F 17 1 1-17 17 F S ecidae licini); 1 12; Dolichu us Sp. ( S : i 
gs ore wing (8) p i y ill A ls Ampulex Sp. (Ampu abs s : i): 
: 7 b i ie (Stizini) 17 T5: Mellinus Sp. (Mellinini); zit Zanysson Sp (Ny onin: 17, WA N ogorytes 
ini); 4 Bem ecinu . , . 
Sp. (Astatini); 1 all + 
sp. (Gorytini). 


SM 1 


Figs 17.18-17.25. Sphecidae. Figs 17.18-17.20. Fore wing; 17.18, Oxybelus sp. (Oxybelini); 17.19, Microstigmus sp. 
(Pemphredonini); 17.20, Ectemnius sp. (Crabronini). Figs 17.21-17.25. Head, anterior; 17.21, Trypoxylon sp. (Trypoxylonini); 


17.22, Crabro sp. (Crabronini); 17.23, Steniolia sp. (Bembicini); 17.24, Cerceris sp. (Cercerini); 17.25, Scapheutes sp. 
(Scapheutini). 


Figs 17.26-17.32. 17.25, Sphecidae. Fig. 17.26. Mesoma and base of metasoma, lateral, Zanysson sp. (Nyssonini). Fig. 17.27. 
Scutellum, metanotum and base of propodeum, Oxybelus sp. (Oxybelini). Figs 17.28-17.29. Head, dorsal; 17.28, Bembix sp. 
(Bembicini); 17.29, Tachytes sp. (Larrini). Figs 17.30-17.31. Hind wing; 17.30, Microbembix sp. (Bembicini); 17.31, Larra sp. 


(Larrini). Fig. 17.32. Hind femur, Cerceris sp. (Cercerini). 


maya, T. ashmeadii and T. maurus, but the genera to 
which these species belong are found throughout the 
Neotropical region. 

Within Costa Rica the majority of sphecid species 
occur at lower altitudes, below 1500 metres. In the 
lowlands many species occur in wet forests, with 
species of Trypoxylon being particularly common in 
Malaise trap samples. Bembicini (Nyssoninae) gener- 
ally prefer more open sunny areas with sandy soil, 
such as beaches, although Stictia maculata occurs in 
shaded habitats in wet forests on the Osa Peninsula 
in southwestern Costa Rica (Matthews et al., 1981). 
Many species occurring at mid altitudes (1500-2200 
m) tend to be dark coloured, for example Mellinus 
pygmaeus. At high altitudes, above 2500 metres, 
sphecids are rather scarce though Podalonia commu- 
nis, a common species in North America, occurs up 


to 3000 metres on the Cerro de la Muerte in Costa 
Rica. 

In the following list the total numbers of genera and 
species in the world have been updated from those 
given in Bohart and Menke (1976). The numbers of 
species occurring in Costa Rica are based on both lit- 
erature and personal observation. These latter 
numbers should be viewed as minimum estimates. In 
a few cases mention is made of species reported from 
Nicaragua, Panama or ‘Central America’ when it is 
thought likely that these will occur in Costa Rica. 
Only those taxonomic references published since 
Bohart and Menke (1976), or not listed by them, are 
given. Because so few of the Central American species 
have been studied, notes on biology generally refer to 
non-Central American species (references given in 
Bohart & Menke, 1976), except where noted. 


Sphecid group Number genera Number species 


AMPULICINAE 
Dolichurini 
Ampulicini 

SPHECINAE 
Sceliphrini 
Sphecini 
Ammophilini 

PEMPHREDONINAE 
Psenini 
Pemphredonini 

ASTATINAE 
Astatini 

CRABRONINAE 
Larrini 
Miscophini 
Trypoxylini 
Bothynostethini 
Scapheutini 
Oxybelini 
Crabronini 

XENOSPHECINAE 

NYSSONINAE 
Mellinini 
Heliocausini 
Alyssonini 
Nyssonini 
Gorytini 
Stizini 
Bembicini 

PHILANTHINAE 
Philanthini 
Aphilanthopini 
Odontosphecini 
Cercerini 


Totals 


= 


4 
3 
4 
1 
2 
1 
7 


p= 


O wit 


Table 17.2. New World subfamilies and tribes of Sphecidae with numbers of 
genera and species known from Costa Rica. These numbers do not include five 
genera that are expected to occur in Costa Rica. 


Additional information about sphecid biology in 
general can be found in Evans (1963d, 1966a-d €: g), 
Evans and West-Eberhard (1970), Bohart and Menke 
(1976) and Iwata (1976). 


Dolichurus**. Cosmopolitan, primarily palaeotropi- 
cal; 45 species, one in Costa Rica; 0-1400 m. 
Notauli well developed; hind wing jugal lobe 
present. Prey: Blattaria. 


AMPULICINAE Paradolichurus. Southern California to Brazil; four 

Two tribes are present in the New World. Both occur species, in Costa Rica only boharti (Kimsey, 1993a). 

in Costa Rita: Notauli undeveloped; hind wing jugal lobe absent. 
Prey: unknown. 


AMPULICINAE: Dolichurini. Five genera, two of which 
are restricted to Australia and one to Asia. AMPULICINAE: Ampulicini. Only one genus. 


Ampulex. Cosmopolitan, primarily tropical; about 
130 species, four in Costa Rica—angusticollis, colla- 
tor, maculicornis and neotropica; 0-1400 m. Some 


and fistularium; 0-1200 m. Body with yellow mark- 
ings; propodeum with dorsal U-shaped enclosure. 
Prey: Araneae. Biology: assimile (Hunt, 1993); fistu- 


species are dark coloured with banded wings (pre- 
sumably ant mimics) while others are brilliant 
metallic green. Prey: Blattaria. 


larium (Freeman, 1982). 


Trigonopsis. Southern Mexico to southern 
Brazil; 16 species, in Central America only 


SPHECINAE cameronii; 0-800 m. Head narrowed posteriorly, 
The three New World tribes are all represented in triangular; pronotum elongate, neck-like. Taxo- 
Costa Rica. nomy: Vardy (1978). Prey: Blattaria. Biology: 


Eberhard (1974). 
SPHECINAE: Sceliphrini. Eight genera; all but the mono- 


typic Stangeella (South America) occur in Costa Rica. 
SPHECINAE: Sphecini. Five genera; all except Chilosphex 


(Mediterranean) and Palmodes (holarctic) occur in 


Chalybion. (Fig. 17.01). Cosmopolitan but absent in Costa Rica 


South America; 40 species, only two in the New 
World, in Costa Rica only zimmermanni (Menke, 
1991); 200-1200 m. Dark metallic blue; propodeum 
without dorsal U-shaped enclosure. Taxonomy: 
Hensen (1988). Prey: Araneae. 


Chlorion. Cosmopolitan but absent in Australia; 19 
species, in Costa Rica only viridicoeruleum. Metallic 
blue or green; propodeum with dorsal U-shaped 
enclosure. Prey: Gryllidae. 


Dynatus. Central Mexico to Argentina; three species 
in Costa Rica, including crassipes; (nigripes occurs 
from Panama to Brazil). Very large (30 to 50 mm 
long); all black, wings often orange. Prey: Blattaria. 
Biology: nigripes (Kimsey, 1978; Cooper, 1980). 


Penepodium. Central Mexico to Argentina; 22 
species, three or more in Costa Rica—foeniforme, 
goryanum and one or more undetermined species; 
(albovillosum and luteipenne occur in Panama). Dark 
coloured, legs all black. Prey: Blattaria. Biology: 
goryanum nests in abandoned beetle burrows; 
luteipenne excavates burrows in soil, often using 
water to loosen the soil. 


Podium. New World, primarily neotropical; 20 
species, four in Costa Rica—denticulatum, friesei, 
fumigatum and rufipes; 0-1800 m. Head and meso- 
soma black, legs often partially red; wings infuscate 
or spotted. Prey: Blattaria. 


Sceliphron. Cosmopolitan, primarily Old World; 30 
species, three in Costa Rica—assimile, caementarium 


Isodontia. Cosmopolitan; 60 species, three in Costa 
Rica—cyanipennis, fuscipennis and mexicana; 0—700 
m. Blue, black or black with red metasoma; side of 
propodeum with spiracular groove absent or incom- 
plete. Prey: Gryllidae, Tettigoniidae. 


Prionyx. Cosmopolitan, mostly in the 
Mediterranean area; 54 species, three in Costa 
Rica—fervens, thomae and parkeri; 0—1200 m. 
Second submarginal cell narrow above (anteriorly). 
Prey: Acrididae. 


Sphex. Cosmopolitan; 116 species, eight in Costa 
Rica—caliginosus, dorsalis, ichneumoneus, melanopus, 
nitidiventris, opacus, servillei and tinctipennis; 
0-1600 m. Side of propodeum with spiracular 
groove complete. Prey: mostly Tettigoniidae, but 
also Gryllidae and Gryllacrididae. Biology: S. ichneu- 
moneus (Brockmann, 1979, 1985; Brockmann & 
Dawkins, 1979). 


SPHECINAE: Ammophilini. Six genera, three of which 
are restricted to the Old World. 


Ammophila. Cosmopolitan; 202 species, four in 
Costa Rica—centralis, gaumeri, picipes and procera 
(Menke, 1991); 0-1300 m. Mesepisternal sulcus 
extending straight down from subalar fossa. Prey: 
lepidopterous and symphytan larvae. Biology: 
procera (Evans, 1959). 


$838. ae AO 


Eremnophila. New World, primarily neotropical; 
nine species, three in Costa Rica—aureonotata 
(Menke, 1991), melanaria and opulenta; 0-1100 m. 
Mesepisternal sulcus curving posteriorly, then 
downward. Prey: E. aureonotata, notodontid larvae. 


Podalonia. Cosmopolitan but absent in South 
America; 65 species, two in Costa Rica—communis 
and robusta; 220—3000 m. Metasoma abruptly 
widening beyond petiole (unlike the other two 
genera). Prey: P. robusta, larval Noctuidae; unearths 
cutworms (Kurczewski et al., 1992). 


Psenulus**. Cosmopolitan but absent in South 
America; about 165 species, three in Costa Rica— 
mayorum and two undetermined species; 0-1300 
m. Hind coxa without a down-curved bristle. Prey: 
Aphidoidea, Psylloidea, or Cicadellidae and 
Delphacidae. 


PEMPHREDONINAE: Pemphredonini. Seventeen genera, 
13 in the New World; six of the latter do not occur 
south of Mexico. Parastigmus is known only from 
Argentina. Polemistus has three discoidal cells 
whereas the other genera have only two. 


PEMPHREDONINAE 


The two tribes Psenini and Pemphredonini are both 
represented in Costa Rica. 


PEMPHREDONINAE: Psenini. Ten genera; one is 
restricted to Japan, two to Hawaii, one (Ammopsen) to 
the southwestern United States and one (Mimesa) is 
essentially holarctic. In Mimumesa and Pseneo vein cu- 
a in the hind wing joins Cu after Cu and M have 
diverged, whereas in Pluto and Psenulus cu-a joins 
M+Cu at or before the point where the two veins 
diverge. 


Mimumesa. Primarily holarctic; 31 species, two are 
restricted to the Caribbean while longicornis occurs in 
North America, Cuba and the Caribbean coast of 
Central America (0-400 m). Petiole with longitudi- 
nal carinae. Prey: Cicadellidae and Delphacidae. 


Pluto. New World; 59 species, two in Costa Rica— 
annulipes, punctatellus; two additional species are 
known from Nicaragua and two others from 
Panama; 0—400 m. Hind coxa with a down-curved 
bristle. Taxonomy: Lith (1979). Prey: Cicadellidae. 


Psen®*, Cosmopolitan but not yet collected from 
countries between Honduras and Peru. About 100 
species. Prey: Homoptera-Auchenorrhyncha. 


Pseneo. Considered a subgenus of Psen by Lith 
(1975a). Primarily New World but also southeast 
Asia; 25 species, about five in Costa Rica—longiven- 
tris (7 montezuma) and four undetermined species; 
0—1600 m. Petiole without longitudinal carinae. 
Taxonomy: Lith (1975a & b). Prey: Cicadellidae. 


Microstigmus. Costa Rica to Paraguay; 22 species, 
four in Costa Rica—including comes and thripoctenus; 
(miconiae and adelphus occur in Panama); 0-1300 m. 
Petiole short; with one closed submarginal cell. Prey: 
Collembola (comes) or Thysanoptera (thripoctenus). 


Polemistus**. Cosmopolitan; 35 species, yoda is 
known from Nicaragua. Taxonomy: Menke and 
Vincent (1983). Prey: Aphidoidea. 


Spilomena. Cosmopolitan; 73 species, three in 
Costa Rica—foxii and two undetermined species; 
0-1600 m. Petiole short; with two closed submar- 
ginal cells. Prey: mostly immature Thysanoptera, 
but other records include immature Psylloidea, 
Coccoidea and Aphidoidea. 


Stigmus. Cosmopolitan but absent in Africa and 
Australia; 31 species, about four in Costa Rica—tem- 
poralis and three undetermined species; 0-1600 m. 
Petiole elongate (longer than wide). Prey: Aphidoidea. 


Xysma**. Only two described species, one from the 
eastern United States and one from South Africa; one 
undetermined species in Costa Rica; also known from 
Ecuador (Cooper, 1993b) and Brazil. Petiole short; 
with no closed submarginal cells. Prey: Thysanoptera. 


ASTATINAE 


Four genera: Astata (see below), Diploplectron (holarc- 
tic and South Africa, primarily western United States 
and Mexico), Dryudella (primarily holarctic, south to 
Mexico) and Uniplectron (monotypic, Mexico). 


Astata. Cosmopolitan but absent in Australia; 81 
species, six in Costa Rica; 300-1500 m. Prey: 


nymphal and adult 


Pentatomidae. 


Hemiptera, especially 


CRABRONINAE 


All seven New World tribes of Crabroninae are present 
in Costa Rica. 


CRABRONINAE: Larrini. Fifteen genera, eight in the 
New World. Larropsis occurs in northern Mexico, and 
Ancistromma and Prosopigastra probably occur there 
also. Parapiagetia is primarily an Old World genus but 
two species occur in southern South America. In Larra 
and Liris the frons has a transverse swelling just 
below the mid ocellus; this is absent in the other 
genera. 


Larra. Cosmopolitan, primarily tropical; about 60 
species, two in Costa Rica—godmani and praedatrix; 
0-1200 m. Metasoma with at least some red. 
Taxonomy and biology: Menke (1992a). Parasitoids 
of Gryllotalpidae. 


Liris. Cosmopolitan, primarily tropical; probably 
over 350 species, nine in Costa Rica—including 
apicipennis, bellus, lutusator, sternalis and truncatulus; 
(panamensis, tenebrosus, tinctipennis and violaceipen- 
nis occur in Panama); 0-1600 m. Metasoma 
all black. Taxonomy: North American species 
(Krombein & Gingras, 1984). Prey: Gryllidae. 


Tachysphex. Cosmopolitan; over 410 species, 
twelve in Costa Rica; 0—1500 m. Ocellar scars oval. 
Taxonomy: Pulawski (1988). Prey: Acrididae, 
Tettigoniidae, Mantidae or Blattidae. 


Tachytes. Cosmopolitan; about 300 species, five in 
Costa Rica—amazonus, chrysopyga, distinctus,fraternus 
and ornatipes; 0-1300 m. Ocellar scars very elongate, 
comma-like. Taxonomy: Bohart (1978). Prey: 
Acrididae, Tettigoniidae, Tetrigidae or Tridactylidae. 


CRABRONINAE: Miscophini. Sixteen genera, five of 
which occur in the New World. Lyroda is known 
from North America and Brazil while Plenoculus 
extends as far south as southern Mexico in the New 
World. 


Miscophus'**. Cosmopolitan but absent in 
Australasia; about 173 species, one in Costa Rica. 
Fore wing with two submarginal cells, the second 
triangular and petiolate above. Prey: small, usually 
immature Araneae. 


Nitela. Cosmopolitan; about 50 species, five in 
Costa Rica— bifida, carinifrons, costaricensis, guiana“R 
and schmidti; 0-2000 m. Fore wing with one sub- 
marginal cell. Prey: Psocoptera. 


Solieriella. Cosmopolitan but absent in Australia; 
110 species, in Costa Rica only costaricae; 0-1300 
m. Fore wing with two or three submarginal cells, if 
two then second not petiolate above. Taxonomy: 
Bohart (1990). Prey: mostly Hemiptera. 


CRABRONINAE: Trypoxylini. Five genera; the monotypic 
Pisoxylon is known only from Peru and Brazil. 


Aulacophilus^". Mexico to Brazil; three species, in 
Central America only jansoni. Fore wing with two 


submarginal cells; metasoma petiolate. Prey: 
Araneae, Biology: Cooper (1986a). 
Pison. Cosmopolitan, primarily Southern 


Hemisphere; about 190 species, thirteen in Costa 
Rica—abathes, arachniraptor, cameronii, chrysops, 
conforme, cooperi, cressoni, eu, gynthos, krombeini, 
longicorne, maculipenne and pilosum (Menke, 1988, 
1990, 1992b); 0-1600 m. Fore wing with three 
(sometimes two) submarginal cells; marginal cell 
acute distally; metasoma not petiolate. Taxonomy: 
Menke (1988). Prey: Araneae. 


Pisonopsis. New World; five species, two from 
southern South America and three from western 
North America; one of the latter, birkmanni, has 
recently been reported in Costa Rica (Menke, 1990). 
Fore wing with three submarginal cells; marginal 
cell rounded distally. Prey: Araneae. 


Trypoxylon. Cosmopolitan; over 660 species, 36 in 
Costa Rica—20 in the subgenus Trypargilum and 16 
in the subgenus Trypoxylon; 0—2000 m. Fore 
wing with one submarginal cell. Taxonomy: 
T. Trypargilum (Coville, 1981b). Prey: Araneae. 


640° — 


Biology: fabricator (Sakagami et al., 1990); mon- 
teverdeae (Brockmann & Grafen, 1992); nitidum 
(Coville, 1981a); superbum (Coville € Griswold, 
1984); tenoctitlan (Coville & Coville, 1980); xan- 
thandrum (Coville & Griswold, 1983). 


CRABRONINAE:  Bothynostethini. Three genera; 
Sanaviron (Vardy, 1987) and Willinkiella are restricted 
to South America. 


Bothynostethus. Mexico to Brazil; ten species, one 
in Costa Rica; 0-400 m. Prey: Chrysomelidae. 


CRABRONINAE: Scapheutini. Two genera. Taxonomy: 
Menke and Vardy (1980). 


Bohartella“*, Costa Rica to Brazil; only two 
described species, with one undetermined species in 
Costa Rica. Propodeum coarsely areolated posteri- 
orly. Prey: nymphs of Acrididae. Biology: apparently 
nest in soil (Vardy, 1987). 


Scapheutes^". Costa Rica to Brazil; three species, 
two from Costa Rica; 0-400 m. Propodeum smooth 
posteriorly. Prey: nymphs of Tettigoniidae (Cooper, 
1988, 19934). 


CRABRONINAE: Oxybelini. Five genera, three in the 
New World. Belomicrus occurs in North America 
(south to Mexico), the Palaearctic and Africa, while 
the monotypic Enchemicrum is known only from the 
southern United States. 


Oxybelus. Cosmopolitan except Australia; about 
250 species, nine in Costa Rica—andinus, argentiopi- 
losus, aztecus, irwini, marginatus, mexicanus (= 
bugabensis), peruvicus, sericeus and sparideus (Bohart 
1993); (analis occurs in Nicaragua); 0-1300 m. 
Prey: Diptera, especially Muscoidea. 


CRABRONINAE: Crabronini. Forty seven genera, 23 of 
which occur in the New World. New World genera 
absent from Costa Rica include: Alinia (Venezuela to 
Argentina; Leclercq, in press), Echucoides (Peru and 
Bolivia), Encopognathus (mostly Old World but also 


California), Huavea (southwestern United States and 
Mexico), Lindenius (holarctic), Moniaecera (North 
America to southern Mexico), and Tracheliodes (holarc- 
tic and Brazil). The genera known to occur in Costa 
Rica may be separated using Table 17.3. It should be 
noted that Podagritus and Rhopalum are difficult to 
Separate. 


Anacrabro. New World; 12 species, in Costa Rica 
- only mocanus. Prey: Lygaeidae, Miridae. 


ChimilaC*. Mexico (Leclercq, pers. comm.) to 
Brazil; four species, one in Costa Rica. Taxonomy: 
Leclercq (1980a). Biology: unknown. 


Crabro. Mainly holarctic, in the New World south 
to Costa Rica; about 90 species, with costaricensis 
known from Costa Rica and peltista from Nicaragua. 
Prey: Diptera. 


Crossocerus. Cosmopolitan; about 230 species, 
three in Costa Rica, including gemblacensis and vien- 
nensis; O-2000 m. Prey: mostly on small Diptera 
but also other insects. Biology: Costa Rican species 
have a broad pygidial plate and are therefore proba- 
bly fossorial. 


Ectemnius. Cosmopolitan; about 180 species, 12 in 
Costa Rica—including aztecus, basiflavus, burgdorfi, 
carinatus (= saxatilis), centralis, chagrinatus, excavatus, 
hector, pacuarus, schwarzi, semipunctatus and sonorensis 
(recuparatus occurs in Panama). Mostly low altitudes, 
but semipunctatus (the most common species) occurs 
from sea-level to 1600 m. E. azteca and E. centralis 
have yellowish orange wings with darkened apices. 
Taxonomy: Leclercq (1991). Prey: various Diptera, 
especially Syrphidae, Stratiomyidae and Muscoidea. 
Biology: E. basiflavus nests in pith of Cedrella odorata 
(Meliaceae) seedlings (Leclercq, 1991). 


Enoplolindenius. New World; 18 species, four in 
Costa Rica—chibcha, orotina, pugnans and serrei; 
0-2000 m. Biology: unknown. 


Entomocrabro. Neotropics; ten species, in Central 
America only bequaerti and narinensis. Taxonomy: 
Leclercq, (19812). Prey: Cicadellidae. 


BE os I-IV or I-VI laterally carinate; venter of metasoma flat or concave 
—Only tergite I, or 1-11, laterally carinate; venter of metasoma convex 
—Mandible notched ventrally (cf Fig. 17.34) 
—Ocellar triangle equilateral (cf Fig. 17.39); eyes glabrous, or at most with a few 
scattered hairs 
—Ocellar triangle posteriorly wider than long (cf Fig. 17.38); eyes setose 
—Mandible not notched ventrally (Fig. 17.33) 
—Vertex with tubercle above and behind eye (Fig. 17.33); apex of mandible simple 
—Gena carinate from postocular tubercle to mandible (Fig. 17.33); acetabular carina 
present 
—Gena without carina; acetabular carina absent 
—Vertex without tubercle above and behind eye; apex of mandible variable 
—Scapal basin (scrobe) carinate laterally (and often dorsally) (Fig. 17.35) 
—Scapal basin carinate laterally but not dorsally 
—Female pygidium with sharp medial ridge (Fig. 17.40), deep submedial 
notch and terminating in a sharp process surrounded by stout setae; 
gena with a vertical carina closely parallel to outer orbit 
—Female pygidial plate triangular; gena without carina 
—Scapal basin carinate laterally and dorsally 
—Mesoscutum with transverse anterolateral carinae (Fig. 17.47); 
female pygidial plate wide and flat. .................sscssccssssrsescsrsercessesseeeeees Enoplolindenius 
—Mesoscutum simple; female pygidial plate narrow and concave 
—Scapal basin not carinate 
-First metasomal segment petiolate anteriorly, enlarged distally 
(Fig. 17.37); hind tibia often swollen apically 
—Epicnemial and postspiracular carina present (Fig. 17.46), if not 
1m-cu joining Rs+M well distal to middle of submarginal cell 
(cf Fig. 17.45) Podagritus 
—Epicnemial and postspiracular carina absent, or if epicnemium is 
angulate, 1m-cu joining Rs+M at middle of submarginal cell Rhopalum 
—Metasoma sessile (Fig. 17.36); hind tibia usually not swollen apically 
—Ocellar triangle equilateral (Fig. 17.39) Crossocerus 


—Ocellar triangle wider than long (Fig. 17.38) 
—Upper inner margin of eye with distinct adjoining depression 
(fovea) which lacks setae (Fig. 17.38) Lestica 
—Upper inner margin of eye without adjoining depression 
(fovea); if shallow depression present it is setose 
-Female pygidium with a median longitudinal carina 
(AE TIN A ae ECO OA Lecrenierus 
—Female pygidium flat (Fig. 17.41) Crabro 


—Female pygidium narrow and concave (Fig. 17.42) 
—Occipital carina flat dorsally (Fig. 17.43) 


—Occipital carina convex dorsally 
—Fore wing with first abscissa of Rs+M no more 
than twice length of second abscissa of Rs+M 
(Fig. 17.44) 
—Fore wing with first abscissa of Rs+M more than 
twice length of second abscissa of Rs+M 
(Fig. 17.45) Ectemnius 


Table 17.3. Identification table for Costa Rican genera of Crabronini (modified from Bohart & Menke, 1976, 
and Fernandez & Menke, in prep.) 


Figs 17.33-17.40. Crabronini. Figs 17.33-17.34. Head, lateral; 17.33, Quexua sp.; 17.34, Anacrabro sp. Fig. 17.35. Head, 
frontal, Foxita sp. Figs 17.36-17.37. Metasoma, lateral; 17.36, Crabro sp.; 17.37, Rhopalum sp. Figs 17.38-17.39. Head, dorsal; 
17.38. Lestica sp.; 17.39, Crossocerus sp. Fig 17.40. Last visible tergite (pygidium) of female, Parataruma sp. 


2Rs+M 


EPICNEMIAL CARINA 
(OMAULUS) 

Figs 17.41-17.47. Crabronini. Figs 17.41-17.42. Last visible tergite (pygidium) of female; 17.41, Crabro sp.; 17.42, Ectemnius 

sp. Fig. 17.43. Head, posterior, Pae sp. Figs 17.44-17.45. Fore wing; 17.44, Chimila sp.; 17.45, Ectemnius sp. Fig. 17.46. 

Mesosoma, lateral, Podagritus sp. Fig. 17.47. Pronotum and mesoscutum, dorsal, Enoplolindenius sp. 


Entomognathus. absent from 


Cosmopolitan, 
Australia; 45 species, in Costa Rica only geometri- 
cus; 300-1200 m. Prey: Chrysomelidae. 


Foxita. Costa Rica to Paraguay; 17 species, five in 
Costa Rica—galibi, woyowai (common on the Osa 
Peninsula) and three undetermined species; 0-600 
m. Taxonomy: Leclercq, (1980a). Biology: unknown. 


Holcorhopalum. Mexico to Guyana; only one 
species—foveatum; 0-400 m. Biology: unknown. 


Lecrenierus^*. Costa Rica to Argentina; 11 species, 
one in Costa Rica. Taxonomy: Leclercq (1977). 
Biology: unknown. 


Lestica. Cosmopolitan; 45 species, two in Costa 
Rica—constanceae and florkini; 400-600 m. Prey: 
adult Lepidoptera (e.g. small Noctuidae, Pyralidae, 
Tortricidae). 


Pae (= Lamocrabro). Mexico to Brazil; three species, 
in Costa Rica only paniquita. Biology: unknown. 


Parataruma. Southern Mexico to Brazil; two 
species, in Central America only leclercqi; O-400 m. 
Taxonomy: Kimsey (1982b). Biology: unknown. 


Podagritus. Mexico to Argentina and Chile, 
Australia and New Zealand; about 90 species, with 
three species in Costa Rica—fulvohirtus and two 
undetermined; 1000-2000 m. Taxonomy: Leclercq 
(1981b, 1982). Prey: various Diptera, but in New 
Zealand some species locally prey on Ephemeroptera, 
Trichoptera and some Coleoptera (Cantharidae, 
Chrysomelidae, Scirtidae) (Harris, 1990). 


Quexua. Costa Rica to Bolivia and Brazil; twelve 
species, two in Costa Rica—nericata (tentative 
identification) and ricata; 0-800 m. Taxonomy: 
Leclercq (1980b). Prey: Cicadellidae (Cooper, 1986b). 


Rhopalum. Cosmopolitan; 127 species, three in 
Costa Rica—calverti, nicaraguense and  tristani; 
0-2600 m. Prey: small flies (e.g. Chironomidae), 
Psocoptera, Aphidoidea and other insects. 


Taruma**. Mexico, Peru and Brazil; just one 
species—bara; 0-800 m. May be a synonym of Foxita. 
Taxonomy: Leclercq (1980a). Biology: unknown. 


NYSSONINAE 
Five of the seven New World tribes are represented in 
Costa Rica. 


NYSSONINAE: Mellinini. One genus. 


Mellinus. Primarily holarctic, south in the New 
World to Venezuela, possibly Brazil; ten species, pos- 
_sibly three in Costa Rica—alpestris and perhaps two 
undescribed species (Menke, in press). Taxonomy: 
Siri and Bohart (1974). Prey: Diptera, especially 
Muscoidea. 


NYSSONINAE: Nyssonini. Eighteen genera, 13 of which 
occur in the New World. Antomartinezius, Cresson, 
Neonysson and Perisson are restricted to southern 
South America. Idionysson and Losada occur further 
north in South America (the latter in Venezuela) but 
have not been found in Central America. Hyponysson 
is nearctic while Synnevrus is holarctic, but neither 
has been reported from Central America. Nysson is 
cosmopolitan but apparently absent in Australasia 
and the Neotropics. 


Epinysson. New World; 22 species, two in Costa 
Rica including guatemalensis; (sigua occurs in 
Panama). Hind tibia without teeth along posterior 
margin; metasoma with sternites normal. Biology: 
E. guatemalensis has been reported as a cleptopara- 
site of Hoplisoides costalis. 


Foxia®*, Southwestern United States to Argentina; 
ten species, with cuna reported from Panama. Hind 
tibia without teeth along posterior margin; meta- 
soma with sternites toothed laterally. Biology: 
unknown. 


Metanysson“*, Southwestern United States to 
Argentina; 16 species, one species in Costa Rica. 
Hind tibia with teeth along posterior margin; fore 
wing with two submarginal cells. Taxonomy: Fritz 
(1973). Biology: apparently cleptoparasites of 
Cerceris species. 


Zanysson'*. New World; 17 species, in Costa Rica 
only changuina. Hind tibia with teeth along poste- 
rior margin; fore wing with three submarginal cells. 
Biology: cleptoparasites of Tachytes. 


NYSSONINAE: Gorytini. Over 400 described species in 
31 genera. Ten genera occur in both the Old and New 
World, nine are restricted to the Old World and 12 to 


rate genera, but Table 17.4 will facilitate their recogni- 
tion. It should be noted that Megistommum and 
Pseudoplisus are difficult to separate. 


the New World. Of the latter, five (Arigorytes, 
Hapalomellinus, Harpactus, Trichogorytes and Xerogorytes) 
are restricted to North America (primarily southwest- 
ern United States and Mexico) while two (Liogorytes 
and Pterygorytes) are restricted to South America. 
Clitemnestra is restricted to Chile and Australia. Gorytes 
occurs in the Holarctic and Africa. Oryttus occurs in 
the Holarctic, Africa and Chile. Care is needed to sepa- 


Argogorytes. Cosmopolitan but absent from Africa; 
27 species, two in Costa Rica; 0-1400 m. Prey: 
Aphrophora species, Cercopidae (spittlebug nymphs). 


Hoplisoides. Cosmopolitan but absent from 
Australia; 70 species, four in Costa Rica—costalis, 
denticulatus, iridipennis and vespoides; 0-1400 m. 


—Hind wing with cu-a joining M+Cu almost its own length or more before 
M and Cu diverge (Figs 17.50, 17.51) 
—Frons broader at level of mid ocellus than below it (Fig. 17.61) Ochleroptera 
—Frons narrower at level of mid ocellus than below it (Fig. 17.60) 
—Hind wing with M diverging from Cu at more or less 90? (Fig. 17.50) Neogorytes 


—Hind wing with M diverging from Cu at an acute angle (Fig. 17.51) Argogorytes 
—Hind wing with cu-a joining Cu distal to divergence of M, or joining M+Cu 
close to or slightly before point of divergence (Figs 17.48, 17.49) 
-Female with two rake setae on fore basitarsus before apex (Fig. 17.52) and 
spiracular groove present on side of propodeum (Fig. 17.53) 
ue I club-like, distal part of tergites convexly enlarged (Fig. 17.58) Megistommum 
—Tergite I variable, if club-like then distal part of tergites not 
convexly enlarged (Fig. 17.59) 
-Female usually with three or more rake setae on fore basitarsus before apex; 
spiracular groove present or absent on side of propodeum. 
—Acetabular carina complete (Fig. 17.57) 


Pseudoplisus 


Sagenista 


" p coarsely areolate dorsolaterally 


—Propodeum punctate or smooth dorsolaterally Hoplisoides 
—Acetabular carina absent or incomplete 
—Metasomal segment I not elongate, not noticeably narrower than II 
(cf Fig. 17.55); mesopleuron without any trace of sternaulus 
—Clypeus laterally almost a right angle or obtuse; large wasps, 
at least 25 mm in length 
lypeus laterally acute; body 13 mm or less in length 
—Metasomal segment I elongate, often noticeably narrower than II 
(Fig. 17.56); mesopleuron usually with sternaulus (Fig. 17.54) 
Lantern complete, continuous with epicnemial carina; 


Sphecius 
Tanyoprymnus 


anterior median part of propodeum smooth Neoplisus 
—Sternaulus incomplete, not as well defined as epicnemial carina; 
anterior median part of propodeum longitudinally striate 
-Hind wing with cu-a evenly sinuous (Fig. 17.48); anterior median 
part of propdoeum striate only at the base 
-Hind wing with cu-a strongly curved anteriorly (Fig. 17.49); 
propodeal inclusion completely covered with longitudinal striae 


Lestiphorus 


Psammaletes 


Table 17.4. Identification table for genera of Gorytini present in Costa Rica (modified from Bohart & Menke, 
1976, and Fernandez & Menke, in prep.) 


48 


49 


SPIRACULAR 
GROOVE 


STERNAULUS 


STERNAULUS 


Figs 17.48-17.54. Gorytini. Figs 17.48-17.51. Hind wing; 17.48, Lestiphorus sp.; 17.49, Psammaletes sp.; 17.50, Neogorytes 


sp.; 17.51, Argogorytes sp. Fig. 17.52. Fore basitarsus Megistommum sp. Fig. 17.53. Propodeum lateral, Megistommum sp. Fig. 
17.54. Mesosoma, lateral, Psammaletes sp. 


55 56 


58 


ACETABULAR 


59 


Figs 17.55-17.61. Gorytini. Figs 17.55-17.56. Tergites I and II, dorsal; 17.55, Sagenista sp.; 17.56, Psammaletes sp. Fig. 
17.57. Pro- and mesosternal region, Sagenista sp. Figs 17.58—17.59. Tergite I, lateral; 17.58, Megistommum sp.; 17.59, 
Pseudoplisus sp. Figs 17.60-17.61. Head, anterior; 17.60, Argogorytes sp.; 17.61, Ochleroptera sp. 


Prey: Homoptera-Auchenorrhyncha; H. costalis, 
Membracidae; H. denticulatus, Cicadellidae (Evans, 
19664). 


Lestiphorus“F, Cosmopolitan but absent in 
Australasia; 17 species, one in Costa Rica. Prey: 
Cercopidae. 


Megistommum. Mexico to Brazil; eight species, in 
Costa Rica only splendidum; 0—600 m. Biology: 
unknown. 


Neogorytes^". Highlands of Peru and Ecuador to 
Costa Rica; one described species; 1600 m. Biology: 
unknown. 


Neoplisus. Mexico to Argentina; nine species, in 
Costa Rica notabilis and possibly another species; 
0-400 m. Biology: unknown. 


Ochleroptera. New World and New Guinea; 12 
species, four in Costa Rica; 0-2000 m. Prey: 
Cicadellidae, Cercopidae, Fulgoroidea, Membracidae 
and Psylloidea. 


Psammaletes*, North America south to Costa 
Rica; three species, two in Costa Rica; 0-600 m. 
Prey: Fulgoroidea. 


Pseudoplisus. North America (primarily in the 
southwest) south to Costa Rica, also Europe and 
Africa; 33 species, in Costa Rica only tritospilus; 
200 m. Prey: apparently Cercopidae. Biology: 
unknown. 


Sagenista. Mexico to Brazil; seven species, two in 
Costa Rica—cayennensis and an undetermined 
species; 0-400 m. Prey: nymphal and adult 
Fulgoroidea. 


Sphecius®*, Cosmopolitan; 21 species in the 
Neotropics, known from the Caribbean, Honduras, 
Brazil and Argentina. Prey: Cicadidae. 


Tanyoprymnus. North America south to Costa 
Rica; only one described species—moneduloides. 
Prey: Dictyopharidae (Fulgoroidea). 


NYSSONINAE: Stizini. Three genera; Stizoides and Stizus 
are widely distributed but absent from the Neotropics, 
southeast Asia and Australia. 


Bembecinus. Cosmopolitan; 162 species, four in 
Costa Rica—agilis, bolivari, mexicanus (tentative 
identification) and quinquespinosus. Prey: Cicadellidae 
and other Homoptera-Auchenorrhyncha. Biology: 
agilis (Callan, 1991); bolivari (Callan, 1991); 
quinquespinosus (Evans et al., 1986). 


NYSSONINAE: Bembicini. Seventeen genera; except for 
the cosmopolitan Bembix, all are restricted to the 
New World. Two genera (Chilostictia and Xerostictia) 
are restricted to North America (including Baja 


California), while three others  (Glenostictia, 
Microstictia and Stictiella) are primarily North 
American but have species that reach into central 
and southern Mexico. Six genera (Carlobembix, 
Editha, Hemidula, Selman, Trichostictia and Zyzzyx) are 
restricted to South America. In Costa Rica bem- 
bicines are most frequently found along sandy 
beaches. The genera of Bembicini are rather difficult 
to discriminate, but a key to them is given by Bohart 
and Menke (1976). 


Bembix. Cosmopolitan; about 350 species, in Costa 
Rica only multipicta. Prey: a variety of Diptera (but 
usually not Nematocera). Biology: Cane and 
Miyamoto (1979). 


Bicyrtes. New World; 23 species, four in Costa 
Rica—including dicisa and variegata; (spinosa occurs 
in Panama and fodiens is reported from ‘Central 
America’). Prey: Hemiptera (usually nymphs), espe- 
cially Coreidae, Pentatomidae and Reduviidae. 
Biology: B. dicisa (Callan, 1991), B. variegata 
(Martin & Martin, 1990; Callan, 1991). 


Microbembex. New World; 28 species, in Costa 
Rica only monodonta. Prey: nest is provisioned with 
a wide variety of dead or disabled insects. 


Rubrica. Southern Mexico to Argentina; four 
species, two in Costa Rica—denticornis and nasuta. 
Prey: flies, especially Syrphidae and Tabanidae. 
Biology of nasuta (= surinamensis): Evans et al. 
(1974), Callan (1991). 


Steniolia. North America to northwestern South 
America; 15 species, two in Costa Rica— 
guatemalensis and longirostra. Prey: flies, especially 
Bombyliidae. Biology:  S.longirostra (Larsson, 
1990). 


Stictia. New World, primarily South America; 28 
species, four in Costa Rica—heros, maculata, punctata 
and signata. Biology: S. heros (Sheehan, 1984; 
Larsson & Larsson, 1989); S. maculata (Matthews et 
al., 1981); S. signata (Post, 1981; Philippi & 
Eberhard, 1986; Martin & Martin, 1990; Callan, 
199i), 


PHILANTHINAE 


Two of the four New World tribes of Philanthinaae are 
represented in Costa Rica. 


PHILANTHINAE: Philanthini. Two genera. Philanthus 
occurs in the Holarctic and Africa; the North 
American species P. gibbosus extends south to El 
Salvador. Biology: Evans and O'Neill (1988). 


Trachypus. Southern Texas to Argentina; 31 
species, four in Costa Rica—gracilis, mexicanus, peti- 
olatus and spinosus; 0-3000 m. Taxonomy: Rubio 
Espina (1976). Prey: T. petiolatus (= mendozae) has 
been observed preying on halictine bees in Costa 
Rica (Eickwort & Eickwort, 1972a). Biology: mexi- 
canus (Menke, 1980), petiolatus (Evans & Matthews, 
1973; Menke, 1980). 


PHILANTHINAE: Cercerini. Two genera. 


Cerceris. Cosmopolitan; the largest genus of 
Sphecidae with over 930 described species, 21 in 
Costa Rica. Fore wing with 3rs-m joining Rs about 
two-thirds of way along marginal cell. Prey: North 
American species prey exclusively on Coleoptera 
(primarily Curculionidae, Buprestidae, Chrysomelidae, 
Tenebrionidae and Bruchidae) but a few Old World 
species prey on bees or even other sphecids. Biology: 
Scullen and Wold (1969), Evans (1971), Callan 
(1990). 


Eucerceris**, North America (primarily the south- 
western United States and Mexico) south to 
Panama; 41 species, in Costa Rica only violaceipen- 
nis. Fore wing with 3rs-m joining Rs close to distal 
end of marginal cell. Prey: Curculionidae. 
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Fig. 18.01. Trigona sp. (Meliponinae). 


Diagnosis Body length 1.5 to 46.0 mm, in Costa 
Rica ranging from the minute stingless bee Trigonisca 
discolor (less than 3 mm) to the robust carpenter bee 
Xylocopa nautlana (more than 30 mm). Black, brown, 
reddish, yellow, sub-metallic, or brilliantly metallic 
blue, green, or coppery; a few are marked with yellow 
or white. Pubescence ranges from nearly absent to very 


long and dense, varying in colour but always having at 
least some plumose hairs, especially in the vicinity of 
the mesothoracic spiracle, the upper part of the 
propodeum and the lateral portions of the metanotum. 
Both sexes always fully winged; sexual dimorphism 
slight. Antenna of female 12- and male 13-segmented; 
mouthparts frequently with glossa very long and 


pointed. Pronotum short, anterolaterally with a lobe that 
extends posteriorly, almost reaching tegula (as in 
Sphecidae); admedian lines of mesoscutum fused into a 
single median line; metapostnotum extensive. Hind 
basitarsus flattened, wider than other tarsal segments, 
especially in females; strigil lacking. Fore and hind 
wings with many well defined cells (except in some 
Meliponinae); hind wing with claval and usually jugal 
lobe present. Female metasoma with six exposed ter- 
gites and six sternites; male usually with seven 
exposed tergites and six sternites, but apical sclerites 
concealed in a few taxa. 


Classification and distribution. Traditionally the 
bees have been treated as 11 separate families com- 
prising the superfamily Apoidea (Michener, 1965; 
McGinley, 1980; Michener & Greenberg, 1980), but 


COLLETIDAE 
Euryglossinae* 
Hylaeinae 
Xeromelissinae 
Colletinae 
Diphaglossinae 


MELITTIDAE 
Meganomiinae* 
Melittinae* 
Dasypodinae* 


CTENOPLECTRIDAE 
[Ctenoplectrinae*] 
STENOTRITIDAE 
[Stenotritinae*] FIDELIIDAE 
[Fideliinae*] 
OXAEIDAE 
[Oxaeinae*] MEGACHILIDAE 
Lithurginae 
HALICTIDAE 
Rophitinae* 
Halictinae 
Nomiinae* 


Megachilinae 


ANTHOPHORIDAE 
Nomadinae 
Anthophorinae 

ANDRENIDAE Xylocopinae 

Andreninae 

Panurginae APIDAE 
Euglossinae 
Bombinae 
Meliponinae 


Apinae 


Table 18.1. The ‘traditional’ classification of bees 
into 11 families. In this work all bees are placed in the 
single family Apidae, but the previously recognized 
subfamilies are retained. Names in square brackets 
have not been used in the traditional classification as 
all genera in that particular group have been included 
in one ‘family’. Subfamilies followed by an asterisk are 
. not present in Costa Rica. 


here (following Gauld & Bolton, 1988) they are placed 
in a single family Apidae, which together with the 
Sphecidae constitute the superfamily Apoidea. 
Alexander (1992), in his exploratory analysis of the 
relationships between bees and sphecids, clearly 
demonstrated the paraphyletic nature of the Sphecidae 
with respect to the bees. Several synapomorphies 
support the monophyly of the bees, and most fre- 
quently the bees were found to have a more or less 
sister-group relationship to philanthine sphecids. 
While the classification adopted here leaves the para- 
phyly of the Sphecidae unresolved, the eventual 
classification of the Apoidea will probably recognize 
just one family of bees. 

The subfamilies used here (see table 18.1) are not 
the 11 ‘traditional’ families reduced in rank (with the 
exception of  Oxaeidae,  Ctenoplectridae and 
Stenotritidae, which have never been divided into sub- 
families) but rather the subfamilies commonly recog- 
nized within these families. Accordingly 26 such 
subfamilies are currently recognized (as listed by 
Roubik, 1989, plus the Euglossinae) and of these, 16 
are known to occur in Costa Rica. The Oxaeinae prob- 
ably also occurs here as well. Of the remaining nine 
subfamilies Euryglossinae and Stenotritinae occur in 
Australia, Meganomiinae in Africa, Ctenoplectrinae in 
the Palaeotropics, Fideliinae in Chile and Africa, 
Rophitinae primarily in the Holarctic (except Penapis 
in Chile and Peru), Nomiinae in the Old World and 
the Nearctic, and Melittinae and Dasypodinae in the 
Holarctic and Africa (Michener, 1979). 

Worldwide the family Apidae comprises over 4000 
genera and 25,000-30,000 species. Ninety-five 
genera and over 650 species of bees have been 
identified during the course of this study of the Costa 
Rican fauna. Although the Costa Rican bee fauna is 
significantly smaller than that of Mexico or the conti- 
nental United States (see Table 18.2), the diversity is 
remarkable when the great disparity in land mass is 
taken into account. On a per area basis Costa Rica has 
16 times the number of species as does Mexico and 
27 times as many as the continental United States (see 
below, under ‘Synopsis’). 


Biology. Unlike most other Aculeata, virtually all 
bee larvae are phytophagous, developing exclusively 
on a diet of pollen and nectar (or plant oils), which 
are collected and carried to the nest by the adult 
female. The only known exceptions are three species 
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Table 18.2. Subfamilies of bees present in Central and North America with numbers of genera and species 
present in Costa Rica, Mexico and the continental United States (U.S.A.) together with the numbers of bee 
species per 10* square kilometres. Data for Mexico and U.S.A. from Ayala et al., 1993; Costa Rica based on over 


24,000 records. 


belonging to the  hypogea group of  Trigona 
(Meliponinae), which are obligate necrophages, i.e. 
provision the nest with carrion (Camargo & Roubik, 
1991). Roughly 15 to 20 percent of all bee species 
are parasites (mostly cleptoparasites) that utilize the 
provisions collected by another species of bee 
(Bohart, 1970; Wcislo, 1987). The majority of bees 
are solitary but several groups have evolved various 
levels of sociality. The predominant group of bees in 
tropical areas are the stingless bees (Meliponinae), all 
of which are highly eusocial. An extensive review of 
the biology of social bees is given by Michener 
(1974a) and of tropical bees in general by Roubik 
(1989). 


Nests. Detailed classifications have been proposed to 
categorize the different types of nests made by bees 
(Malyshev, 1936; Sakagami & Michener, 1962; 


Stephen et al., 1969). In general most bees can be 
divided into three groups, based on their nesting habits: 


i) burrowers, which actively excavate nests, usually 
in soil (‘digger bees’) but sometimes in plants; 

ii) ‘renters’ or ‘lodgers’, which utilize pre-existing 
holes (beetle burrows in wood, hollow plant 
stems, pre-existing holes in the ground, etc.); 

iii) bees that construct most of the nest from col- 
lected materials (mud, resin, etc.) and/or 
secreted wax. These often utilize pre-existing 
cavities or semi-sheltered locations, although a 
few construct freely exposed nests. 


Several species in the first and third groups construct a 
chimney-like structure (TURRET) over the nest 
entrance, which may be made of mud (ground-nesting 
bees) or resin (many Meliponinae). Regardless of the 


nest type, the brood cell is the basic unit of all bee 
nests, except for a few bees such as Lithurge, Allodapini 
(Africa) and Bombinae, which lay eggs in a communal 
chamber. Cells may or may not be separable from the 
substrate, and their orientation, shape and composition 
differ (often characteristically) between taxa. 

Bees that burrow in soil utilize vertical embank- 
ments or relatively flat ground. In the latter, freshly 
excavated soil often accumulates around the burrow 
entrance (the TUMULUS). The depth of the burrow 
varies from a couple of centimetres to almost three 
metres (e.g. Andrena helianthi). The burrow may or 
may not have lateral branches, and the brood cells are 
arranged singly, in a linear series, or in clusters. Cell 
walls of burrowing bees are usually constructed of 
reworked substrate material, and the inner surface of 
the cell is often lined with a wax-like or cellophane- 
like substance secreted by the Dufour’s and/or salivary 
glands of the adult female. This cell lining probably 
serves to prevent the cell from becoming too wet or 
too dry, and to defend against microbial infection. 
Colletinae, Diphaglossinae, Oxaeinae and Halictinae 
secrete macrocyclic lactones (Cane, 1983b). In 
Calliopsis (Panurginae) the Dufour’s gland secretion is 
dominated by a diversity of aliphatic hydrocarbons, or 
paraffins, while in other Panurginae and in 
Andreninae the secretion contains a variety of ter- 
penes such as geranyl and farnesyl esters (Cane, 
1983a). In soil-nesting Anthophorinae a water-resis- 
tant lining may or may not be present; in the case of 
Anthophora (Anthophorinae) the Dufour’s gland pro- 
duces unusual triglycerides, which are hydrolysed to 
diglycerides in the cell lining (Norden et al., 1980). 
Many of the bees mentioned above probably combine 
Dufour’s gland secretions with those from the labial 
glands (Duffield et al., 1984), applying the mixture 
with the mouthparts. For example, in Colletinae (and 
presumably Diphaglossinae) labial gland secretions 
may hasten the polymerization of the lactones to form 
the cellophane-like cell lining. Besides providing a 
hydrophobic cell lining, the chemical complexity of 
Dufour’s gland secretions suggests that they may also 
serve a communicative function, for example in nest 
recognition (especially when the secretion is applied 
to the nest entrance) and possibly in nest-mate recog- 
nition in social species (Hefetz, 1987). 

Most Xylocopinae (‘carpenter bees’) burrow in plant 
materials, mostly in rotting wood (Xylocopa) or in 

pithy plant stems (Ceratina). Some species of Xylocopa 


utilize hollow stems of bamboo, but in order to reach 
this cavity, they must chew their way through the 
hard outer part of the stem. Although it has often 
been stated that carpenter bees lack a brood-cell 
lining, in fact a hydrophobic lining is present (Gerling 
et al., 1989). 

Bees that nest in existing holes often make their 
cells from materials brought from outside the nest. In 
Hylaeinae, and presumably Xeromelissinae, the 
Dufour’s gland secretes lactones (as in Colletinae and 
Diphaglossinae), although secretions from the hyper- 
trophied labial glands may be the primary source of 
the silk-like cell lining (Batra, 1972). Nests of most 
other bees utilizing existing holes apparently lack a 
secreted cell lining, although it is probable that an 
inconspicuous one may actually be present (F.D. 
Parker, unpublished). In Megachilinae cell partitions 
are constructed of resin (mixed with tiny stones or leaf 
bits), mud, plant hairs, or cut or masticated pieces of 
leaves (Iwata, 1976). A few Anthophorinae also use 
pre-existing holes (e.g. some Centris). 

Some bees build exposed nests. A few Megachilinae 
(‘mason bees’) produce copious amounts of saliva 
from their enlarged thoracic labial glands, and this 
saliva is mixed with dry soil to produce a mortar for 
constructing free-standing nests (Duffield et al., 1984). 
Anthidiellum builds exposed nests of resin. All 
Euglossinae construct nests of resin (sometimes com- 
bined with mud or bark fragments), usually in more 
or less sheltered locations. The eusocial subfamilies 
utilize wax in nest construction, which is secreted by 
integumental glands on the anterior portions of meta- 
somal tergites and sternites III-VI in Bombinae, ter- 
gites III-VI in Meliponinae, and sternites I-VI in 
Apinae. The wax, which accumulates as scales, is 
groomed from the metasoma with the hind legs, 
stored within the nest and then used to make free- 
standing cells or brood chambers (Bombinae). In 
Meliponinae, most of which nest in tree cavities, large 
amounts of resin (PROPOLIS) are mixed with the wax 
(the mixture is termed CERUMEN), whereas in Apinae 
cerumen is used only in the periphery of the nest. 


Sociality. Eusocial behaviour has arisen many times in 
the bees (Michener, 19744). Eusociality occurs in 
some Old World Xylocopinae (Allodapini), some 
Halictinae, all Bombinae (except for the social para- 
sites), all Meliponinae and all Apinae. Allodapine bees 
appear to have evolved eusociality via subsocial 


behaviour (female shares the nest with her offspring), 
whereas the other groups appear to have evolved 
eusociality via parasocial behaviour (females of the 
same generation share a nest; see Chapter 2.6). 
Mutual tolerance among females of the same genera- 
tion that share a nest is probably favoured by the need 
for defence (Michener, 1974a). 

Three types of parasocial colonies are commonly 
distinguished: communal colonies (each female makes, 
provisions and oviposits in her own cells), quasisocial 
colonies (females co-operate in building and provision- 
ing cells, but all females lay eggs), and semisocial 
colonies (as in quasisocial, but some females lay eggs 
while others do not). Several Costa Rican bees typi- 
cally live in communal colonies, for example 
Agapostemon nasutus (Eickwort & Eickwort, 1969). 
Examples of quasisocial colonies in Costa Rica include 
some orchid bees such as Euglossa imperialis and E. 
championi (Roberts & Dodson, 1967). Semisocial 
colony foundation and co-operative behaviour appear 
to be regular ways of life in some Costa Rican 
Halictinae, for example Caenaugochlora costaricensis, 
Pseudaugochloropsis graminea and  P.- sordicutis 
(Michener & Kerfoot, 1967). Limited observations 
suggest that Augochlorella edentata may be semisocial 
(Eickwort & Eickwort, 1973a; Michener, 1974a). 

Primitive eusocial behaviour is known to occur in 
several species of Costa Rican Halictinae. Colonies of 
Augochlora nominata, at least in some localities and 
perhaps seasonally, consist of large-headed queens, 
and a few smaller workers with normal heads and 
empty spermathecae (Eickwort & Eickwort, 1972a). 
Other primitively eusocial Halictinae include Halictus 
ligatus (Michener & Bennett, 1977), H. hesperus 
(Brooks & Roubik, 1983) and H. lutescens, which may 
have up to 600 females in a single nest (Sakagami & 
Okazawa, 1985). In the case of H. ligatus eusociality 
apparently occurs only in young colonies, at least in 
the tropics (in Canada the colonies remain small and 
eusocial). Eusocial behaviour in Lasioglossum 
(Dialictus) umbripenne differs between two populations 
located in different parts of Costa Rica (Michener, 
1974a). In a wet forest in the eastern part of the 
country queens may be replaced by daughters, older 
colonies often have several queens, and males and 
queens are produced at the same time as workers 
(Eickwort & Eickwort, 1971). In a seasonally dry 
forest in the western part of the country the foundress 
queen lives through the year (if she dies she is not 


replaced), colonies usually have only one queen, and 
males and queens are produced after worker produc- 
tion has stopped (Wille & Orozco, 1970). In the latter 
population queens are much larger than workers, 
with no overlap in size, which is also the case in 
H. hesperus. 

Among the primitively eusocial bees, the bumble- 
bees (Bombinae) approach most closely the highly 
eusocial bees in that food is stored in the nest for adult 
consumption. A colony is started by an individual 
queen who must do her own foraging initially. Her 
first batches of eggs produce workers, which are 
usually smaller but morphologically similar. The 
queen suppresses oogenesis in workers by means of 
pheromones. Eventually males and young queens are 
produced, and mating occurs. Fertilized queens are 
able to pass a period of inclement weather by them- 
selves before initiating a new colony. In tropical 
regions the establishment of new colonies does not 
follow the synchronized annual pattern of temperate 
areas. Colonies sometimes last only six months before 
they are destroyed by natural enemies (e.g. stra- 
tiomyid fly larvae; Dias, 1958) or they may last 
several years (Sakagami & Zucchi, 1965). Large 
colonies contain over 100 queens, many of them fer- 
tilized. Some new queens continue to use the same 
nest, each defending her own territory (by buzzing 
and ejecting liquid faeces), but eventually the number 
of queens is reduced to one. 

The highly eusocial bees, namely the stingless bees 
and honey-bees, are characterized by: large perennial 
colonies (often consisting of many thousands of indi- 
viduals) that are established by swarming, pro- 
nounced caste differentiation, inability of queens to 
forage, elaborate nest architecture (including effective 
thermoregulation) and highly developed communica- 
tion among members of the colony (including the use 
of alarm pheromones for mounting a massive defence 
of the nest) (Michener, 1974a). As queens are re- 
sponsible for laying very large numbers of eggs they 
have modified internal reproductive tracts, but the 
increased capacity for egg-laying is achieved in differ- 
ent ways in the two highly eusocial groups. Honey- 
bee queens have 100-150 ovarioles per ovary 
whereas stingless bee queens usually have four greatly 
lengthened ovarioles, although some species with 
large colonies have as many as 10 to 15 ovarioles per 
ovary (Sakagami, 1982). In honey-bees worker ovari- 
oles are usually not developed, but in stingless bees 


workers often lay eggs (trophic eggs and male-produc- 
ing eggs). Honey-bees oviposit in an empty cell, feed 
the larva progressively for five days and then close the 
cell, whereas stingless bees mass provision the cell, 
oviposit and close the cell. In honey-bees there is no 
structural difference between cells used for food 
storage and those used for brood rearing, and the cells 
are re-used, whereas in stingless bees, brood cells differ 
from storage cells and the cells are rebuilt rather than 
re-used. In honey-bees new colonies are formed by 
fission, the old queen and a swarm of workers leaving 
to find a new nest site. In stingless bees swarming is a 
gradual process—workers begin by going back and 
forth from an existing colony, carrying building mate- 
rials and food, and eventually a swarm of workers and 
one to several young queens fly to the new nest. 


Foraging. All non-parasitic bees forage for pollen and 
nectar (or floral oils) with which to feed their larvae. 
In addition, some groups (e.g. Megachilinae, 
Centridini, Euglossinae, Meliponinae, Apinae) forage 
for nesting materials. Many of the morphological 
characteristics used to distinguish females of non-par- 
asitic taxa are structures for resource gathering and 
the manipulation of provisions in the nest. 

Although Hylaeinae carry pollen internally in the 
crop, most non-parasitic bees carry pollen externally in 
a specialized hairy structure, the SCOPA, which is 
most often located on the hind legs, but in Lithurginae 
and Megachilinae is located on the venter of the meta- 
soma (Roberts & Vallespir, 1978). Some other bees 
such as Xeromelissinae and Halictinae possess a rather 
well-developed scopal apparatus on the metasoma in 
addition to that on the hind legs. During grooming the 
pollen is scraped off the body by the fore, or sometimes 
fore and mid legs, and is passed to the hind legs which 
pack the pollen into the scopa (Jander, 1976; Thorp, 
1979). Euglossinae, Bombinae, Meliponinae and 
Apinae first wet the pollen with regurgitated nectar 
and then pack it into the hairless CORBICULAE on the 
hind legs (Michener et al., 1978; Wille, 1979a; Kimsey, 
1984b). Some Panurginae also wet pack the pollen in 
a sparsely-haired scopa. Corbiculae have an equally 
important function in transporting resins for use in 
nest-building (Megachilinae also collect resins but 
carry it in their mandibles). 

The most common morphological adaptation for 
nectar collecting is the possession of modified mouth- 
parts (labio-maxillary complex). Bees are often divided 


into the ‘short-tongued’ groups (Colletinae, Hylaeinae, 
Xeromelissinae, Andreninae, Panurginae, Oxaeinae, 
Halictinae) and the ‘long-tongued’ groups (the 
remaining subfamilies). The latter can collect nectar 
from flowers with longer corolla tubes not available to 
many short-tongued bees, although they differ not so 
much in length of the mouthparts as they do in func- 
tional morphology (Harder, 1983; Michener & Brooks, 
1984; Winston, 1979). Some short-tongued bees are 
able to gain access to nectar in deep-throated flowers 
due to their small body size. Nectar is transported in 
the crop and, upon returning to the nest, the contents 
are regurgitated into a cell or into a honey pot for 
storage. 

Some bees, principally Anthophorinae (Centridini, 
Exomalopsini and Tetrapediini) and Ctenoplectrinae, 
collect floral oils as a substitute for nectar. Plants 
having oil flowers (e.g. many Malpighiaceae and some 
Melastomataceae) are most abundant in the 
Neotropics (Buchmann, 1987). The oil is secreted by 
special glands (elaiophores) located within the flower, 
and bees that utilize this oil often have blade-like 
setae on the fore and mid tarsi with which to rupture 
the oil-containing glands (Neff & Simpson, 1981). The 
oil is mopped up with the front and mid tarsi, and 
then transferred to the scopa on the hind legs. Nectar 
for the adult bee’s own energy requirements must be 
obtained from other flowers since oil-producing 
flowers typically do not produce nectar. 

Bees vary in the degree of fidelity to particular floral 
resources (e.g. Heithaus, 1979b & c). Most show more 
restricted use in pollen collection than in nectar gath- 
ering. Some bees collect pollen from just a few closely 
related plant species (OLIGOLECTY), while others 
utilize a wide variety of plants (POLYLECTY). The few 
examples of oligolectic bees in Costa Rica belong 
mostly to the Anthophorinae: Ancyloscelis and 
Melitoma on Ipomoea (Convolvulaceae) (Schlising, 
1970; Real, 1981), and Peponapsis and Xenoglossa on 
Cucurbita (Cucurbitaceae). In addition Lithurge 
(Lithurginae) is oligolectic on Opuntia (Cactaceae). 
Bees may also specialize in foraging at a particular 
height (e.g. Frankie & Coville, 1979), or at a certain 
time of day. In general, tropical bees are most active 
in the morning, although several Diphaglossinae and 
a few Anthophorinae (Peponapis and Xenoglossa) are 
matinal (forage at dawn), and the halictine Megalopta 
is nocturnal (Wolda & Roubik, 1986). Many tropical 
bees forage only during a certain part of the year 


when resources are most abundant, although most 
have a longer flight season than temperate zone bees, 
and stingless bees and many sweat bees are essentially 
aseasonal (Heithaus, 19794). 

Flowers differ in the rewards that they provide for the 
bee and how these rewards are presented. Besides the 
conventional rewards of pollen, nectar and oils, some 
plants provide more unusual products. For example, 
certain species of Dalechampia (Euphorbiaceae) and 
Clusia (Clusiaceae) provide floral resins that some 
Megachilinae, Euglossinae and Meliponinae utilize in 
nest construction (Armbruster & Herzig, 1984). Many 
orchids provide male Euglossinae with fragrances (see 
below). Even conventional rewards differ in how they 
are offered. In plants such as Cochlospermaceae, 
Melastomataceae, Solanaceae and certain Leguminosae 
(e.g. Cassia) the pollen is enclosed in tubular anthers 
having an apical pore, which certain bees vibrate vigor- 
ously in order to shake out the pollen ('buzz pollina- 
tion’; Michener, 1962a; Wille, 1963; Buchmann & 
Hurley, 1978). Other bees may collect pollen from 
these flowers by biting open the anther, gleaning pollen 
left by other bees (Wille, 1963), or reaching into the 
pore with their front tarsi (e.g. Chilicola ashmeadi on 
Solanaceae; Eickwort, 1967). Other plants possess a 
specialized, ‘explosive’ pollination mechanism, whereby 
only certain pollinators such as large bees are capable 
of ‘triggering’ the flower (e.g. Davis, 1987). 

The interaction between plant and bee is not 
always mutualistic. In some cases the flower provides 
no reward and attracts a pollinator through decep- 
tion or mimicry (e.g. Dafni, 1984; Ackerman, 1986; 
Agren & Schemske, 1991). On the other hand, 
regular visitation of a flower by a particular species of 
bee does not necessarily mean that it is the pollinator. 
Non-beneficial visits result when bees ‘rob’ flowers 
by piercing the corolla from the outside to access 
the nectar, by harvesting pollen while avoiding 
contact with the stigma, by interfering with the true 
pollinator, etc. 


Larval development. After preparing a cell the female 
bee provisions it with some combination of pollen, 
nectar, honey (processed nectar), or floral oils. In 
Augochlora, Megachile, and Anthophora secretions from 
Dufour’s gland are present in the larval provisions 
(Cane & Carlson, 1984), but their role is still a matter 
of speculation (Duffield et al., 1984). In honey-bees the 
young larvae are progressively fed primarily with 


secretions from the hypopharyngeal and mandibular 
glands of nurse bees. 

In Bombinae and Apinae the female oviposits into 
an empty cell (or chamber in the case of Bombinae) 
and larval food is provided progressively. In most 
other Central American bees the larvae are fed by 
mass provisioning—the female provisions, oviposits, 
closes the cell, and after finishing with all the cells she 
plugs the nest. Usually each cell is constructed, provi- 
sioned- and sealed before the next cell is begun 
although. exceptions occur in some Halictinae 
(Sakagami & Michener, 1962), some Meliponinae, and 
in all Bombinae and Apinae. 

The nature of the provisions varies from a ferment- 
ing liquid (Ptiloglossa) to a dry mass of pollen, and in 
some cases a thin layer of nectar is added to the top of 
the pollen mass. Some bees mould the provisions into 
loaves (e.g. Xylocopinae) or balls (e.g. Panurginae, 
Halictinae), which may serve to prevent water loss. 
The female may attach the egg to the cell wall 
(Colletinae), or she may place the egg on top of the 
food mass (most bees), under it (Emphorini) or in it 
(some Osmia, Lithurge). In Chilicola ashmeadi and 
Ptiloglossa the egg floats on fluid or semi-fluid 
provisions. 

Upon eclosion the larva begins to feed on the provi- 
sions, often remaining rather stationary in the first 
instar. All bees appear to pass through five larval 
instars although the first may remain within the egg 
chorion (Torchio, pers. comm.). In most bees the larva 
does not defaecate until it has finished feeding, and 
the faeces are often pressed against the cell wall (or 
the cell cap in Eucerini). In Megachilinae the larva 
usually defaecates earlier, but apparently avoids cont- 
aminating its food by spinning silk strands that entan- 
gle the faecal pellets and keep them away from the 
food (Michener, 1953). Early defaecation also occurs 
in Xylocopinae, but in this case the faecal pellets 
merely drop and accumulate in the bottom of the cell 
(Michener, 1962b). 

Cocoon formation by larvae is often associated with 
bees that do not secrete a cell lining (Michener, 
1964), but exceptions occur (Colletes, Cadeguala, some 
parasitic bees). Thus cocoons appear to be universally 
present in Megachilinae, Euglossinae, Bombinae, 
Meliponinae and Apinae, whereas they are completely 
lacking in Hylaeinae, Andreninae, Panurginae, 
Halictinae, Nomadinae and Xylocopinae (Stephen 
et al., 1969). Except for the tribe Anthophorini, most 


Anthophorinae appear to spin cocoons; those of 
Emphorini and Exomalopsini consist of just one layer 
whereas those of Eucerini consist of two or more 
layers (Torchio, 1974). In the Diphaglossinae, cocoons 
of Ptiloglossa guinnae have perforations in the top 
(Roberts, 1971), and those of Crawfordapis luctuosa are 
peculiar, apparently isolating liquid and faeces in a 
lower cell (Roubik & Michener, 1984). 

Parasitic bees. Parasitic bees do not forage for pollen 
but instead utilize the pollen stores in the nests of 
other bees. Non-parasitic bees may occasionally para- 
sitize members of the same species in a facultative 
manner, but the obligate parasites nearly always 
attack other species, usually members of the same 
subfamily (except Nomadinae).There are three cate- 
gories of parasitic bees (see Chapter 2.6): 


i) CLEPTOPARASITES—solitary bees that lay their 
egg in the nest of another bee; 

ii) CLEPTOBIONTS—eusocial bees that rob provi- 
sions and often nesting materials from the nests 
of another eusocial species; 

iii) SOCIAL PARASITES—eusocial bees that usurp 
the nest of another eusocial species and never 
produce their own worker caste. 


In parasitic bees the structures associated with pollen 
gathering (plumose hairs, the scopa, etc.) and nest 
building (e.g. the pygidial plate) are often reduced 
(Arduser & Michener, 1987). However, cleptobionts, 
which usually build their own nest, generally retain 
structures associated with nest construction. 
Cleptoparasites and social parasites generally have 
more ovarioles per ovary and more mature oocytes 
per ovariole, which presumably allows them to 
oviposit in rapid succession if they find a number of 
host cells in a short period of time (Alexander & 
Rozen, 1987). 

Most species of parasitic bees are cleptoparasites, 
which appears to be true in tropical and temperate 
regions alike. In Costa Rica there are 20 genera of 
cleptoparasites (Table 18.3). All members of the sub- 
family Nomadinae (Rozen, 1966), and all members of 
the anthophorine tribes Ericrocini (Snelling & Brooks, 
1986), Osirini and Rhathymini are presumed to be 
cleptoparasites, accounting for over half (12) of the 
cleptoparasitic genera in the region. Three parasitic 
genera of North America whose hosts reach Costa 
Rica are not known to be present here. These include 


Cleptoparasitic genus Host bees 

Halictinae 
Microsphecodes 
Ptilocleptis 
Sphecodes 
Temnosoma 

Megachilinae 
Coelioxys 


Halictinae 
unknown 
various, primarily 
unknown 


Megachilinae: Megachile, 
Anthophorinae: Centris 
Megachilinae: Megachile 
Euglossinae 


Dolichostelis 
Hoplostelis 
Nomadinae 
Epeolus 
Nomada 
Odyneropsis 
Thalestria 
Triepeolus 
Anthophorinae 
Aglaomelissa 
Coelioxoides 
Ctenioschelus 
Mesocheira 
Mesoplia 
Osiris 
Protosiris 
Rhathymus 
Euglossinae 
Exaerete 


Colletinae: 

various, primarily Andrena 
Diphaglossinae: Ptiloglossa 
Oxaeinae 

various, primarily Eucerini 


Anthophorinae: Centris 
unknown 
Anthophorinae: Centris 
Anthophorinae: Centris 
Anthophorinae: Centridini 
unknown 

unknown 
Anthophorinae: Epicharis 


Euglossinae 


Table 18.3. Genera of cleptoparasitic bees occurring 
in southern Central America. Data from Roubik 
(1989) and also from below under ‘Synopsis of the 
Costa Rican fauna’. 


(with their hosts): Stelis (Osmiini, Anthidiini), 
Holcopasites (Calliopsis, : Pseudopanurgus) and 
Paranomada (Exomalopsis); none of these are known 
south of Mexico. 

Cleptoparasitic bees often have a thickened cuticle, 
which presumably provides them with protection 
against the sting of the host bee. The reduced pilosity 
of cleptoparasites often gives them a wasp-like appear- 
ance and in a few cases the colour patterns resemble 
those of polistine vespids; Odyneropsis gertschi for 
example appears to mimic Polybia flavitincta (Roberts, 
1971), and other species of the same genus are 
mimics of Parachartergus species. Some female clep- 
toparasites open a cell that has recently been closed 
by the host, oviposit, and then reseal the cell. In clep- 
toparasitic halictines the host egg or larva is often 
destroyed by the adult female, who sometimes takes 


the nest by force, occasionally even killing the adult 
host (Michener, 1978). Females of Exaerete likewise 
destroy the host egg (Bennett, 1972). In other clep- 
toparasites the female simply conceals her egg in the 
host provisions or cell wall, and the first or second 
instar cleptoparasite larva kills the host egg or larva 
(and any other parasitic larvae) with its elongate 
mandibles. It then proceeds to feed on the provisions. 
Although some cleptoparasites wait until the host cell 
is sealed before ovipositing, females of most species, 
including Nomada (Rozen, 1977), Stelis (F.D. Parker, 
unpublished) and Epeolus (Torchio & Burdick, 1988) 
enter cells that are still being provisioned in order to 
oviposit, thus leaving the host to seal the cell. 

Unlike cleptoparasites, cleptobionts are eusocial and 
generally build their own nests. Obligate cleptobionts 
are restricted to tropical regions and in the Neotropics 
include all species of Lestrimelitta (Meliponinae) 
(Nogueira-Neto, 1970a). These bees conduct mass 
raids on the nests of other stingless bees, carrying off 
food in their crops and nest material on their hind 
tibiae. Although they generally build their own nest, 
they may occasionally establish themselves in the host 
nest. Trigona angustula usually forages and builds its 
own nests but opportunistically usurps the nests of 
other stingless bees. 

In contrast to cleptobionts, social parasites appear 
to be more common in temperate regions than in the 
tropics. The social parasite Psithyrus (Bombinae), 
which parasitizes other bumblebees, extends only as 
far south as Guatemala. In the rest of Central America 
the only social parasites appear to be facultative, e.g. 
Halictus ligatus (Packer, 1986). Although all Meli- 
poninae are eusocial, and many rob food and nesting 
materials, this appears not to have led to the evolution 
of permanent social parasitism. This may be a result of 
having permanent colonies, since seasonality is 
thought to be a central factor in the evolution of para- 
sitism (Wcislo, 1987). 


Mating. Females of most bees are assumed to mate 
only once, usually soon after emergence, but in 
Panurginae, Anthidiini and honey-bees the female 
mates several times (Alcock et al., 1977, 1978). The 
site where mating occurs is often correlated with the 
nesting habits. In solitary species that nest in aggrega- 
tions mating often occurs at the nesting site. When 
nests are scattered mating may occur at flowers 
visited by females. However, in other bees mating 


takes place neither at the nest site nor at the floral 
resource, but rather at landmarks such as a hilltops, 
tops of canopies, open areas in the forest, light 
coloured tree trunks and so forth. 

Male bees exhibit one of two basic behavioural pat- 
terns at an encounter site (Eickwort & Ginsberg, 
1980): one to many males may patrol a site non- 
aggressively, or each male may defend a territory 
against other males. Among Costa Rican species, 
males of Melissodes persimilis patrol the nesting area 
(Buchmann & Jones, 1980) while Chilicola ashmeadi 
males patrol flowers that are frequented by females 
(Eickwort, 1967). Territorial males show two types of 
flight behaviour within their territories. The male may 
move more or less constantly within his territory, as 
occurs in Calliopsis (Shinn, 1967). Alternatively, the 
male may hover about, occasionally perching or 
darting after passing insects. This type of behaviour 
occurs in males of Ptiloglossa guinnae, which defend 
territories at the nesting site (Roberts, 1971), and in 
Centris, Xylocopa, Euglossinae and some Bombinae, 
which often defend landmarks. 

In Bombinae (bumblebees) one of four types of mate 
searching strategies may be employed by males, 
depending on the density and dispersion of females 
(P. Williams, 1991): 


i) patrolling (a series of objects are marked with a 
secretion from the labial gland and the sites are 
patrolled)—low density, even dispersion; 

ii) cruising (like patrolling but male hovers in one 
small area)—high density, clumped dispersion; 

iii) racing (potential mates pursued from a perch)— 
high density, even dispersion; 

iv) territorial (like racing but males compete for 
perches)—low density, clumped dispersion. 


Sexual dimorphism in relative eye size, antennal 
length, wing shape, and mesosoma shape is least 
developed in patrolling species and most developed in 
racing species. Males of the Costa Rican Bombus pul- 
latus appear to utilize patrolling as do those of the 
nearctic B. mixtus, but male flight paths of the 
former are fewer, more widely dispersed, and used by 
more males. This difference possibly results from the 
larger colonies and longer season in the tropics, 
which in turn make it is easier to find existing paths 
and more likely that a path will contain siblings 
(Stiles, 1976). 


In the seasonally dry forests of northwestern Costa 
Rica 14 species of Centris have been observed to 
defend and display in territories, which are usually 
marked with glandular secretions (Frankie et al., 
1980, 1989; Vinson et al., 1982, 1984; Williams et 
al., 1984; Coville et al., 1986). Each species is unique 
in: territory size, plants associated with the territory, 
chemical nature of the marking pheromones, fre- 
quency of marking, and daily territorial period. 
Species of the subgenera Hemisiella, Heterocentris and 
Trachina have scent glands in the hind legs whereas 
species in the subgenus Centris have mandibular scent 
glands. Several species maintain territories in the 
crowns of trees (although differing in precise location 
within the crown), whereas C. adanae defends territo- 
ries in openings in the grass. C. aethyctera is unique in 
lacking scent glands and in defending a larger terri- 
tory, which may include several flowering trees. 

Another group of bees that appear to use scent 
secretions in conjunction with territoriality is the 
genus Xylocopa. In males of X. fimbriata and X. guala- 
nensis tubules are evident beneath the scutellum, and 
the scent gland opens between the metanotum and 
the propodeum, the secretions perhaps being pumped 
onto the body surface while hovering (Vinson et al., 
1986; Williams et al., 1987). Male orchid bees often 
defend territories that include prominent tree trunks 
on which they display, apparently releasing a 
pheromone. Prior to establishing territories, males 
visit certain flowers in order to obtain ‘perfume’, 
although the exact role of these fragrances is still 
unclear (Dressler, 1982; Williams & Whitten, 1983; 
Zimmerman & Madriñán, 1988) (see also below under 
Euglossinae). 


Economic importance. Both the introduced honey- 
bee (Crane, 1990) and native stingless bees (Schwarz, 
1948; Nogueira-Neto, 1970b), provide honey, wax 
and other valuable products (see Chapter 3.2). Among 
stingless bees, species of Melipona are the most highly 
esteemed honey-producers. Bees are, however, even 
more important as pollinators. They are the single 
most important group of pollinators of tropical plants 
(Bawa et al., 1985), including even some plants that 
are adapted to other pollinators (Haber & Frankie, 
1982). A very significant proportion of the human diet 
is derived directly or indirectly from plants that are pol- 
linated by bees (Free, 1970). Among native neotropical 
species, stingless bees are undoubtedly one of the most 


important groups of pollinators of both native and crop 
plants. It has been estimated that the stingless bees 
inhabiting a square kilometre of lowland forest harvest 
about one billion kilojoules and five litres of nitrogen 
during the year (Roubik, 1989, pp. 353-355). The 
role of stingless bees in the pollination of Central 
American crops is relatively unstudied, although 
achiote (Bixa orellana, Bixaceae) and vanilla (Vanilla 
planifolia, Orchidaceae) are known to be pollinated by 
species of Melipona (Wille, 1976), and chayote 
(Sechium edule, Cucurbitaceae) by Partamona cupira and 
Trigona corvina (Wille et al., 1983). Among solitary 
species, the ‘squash bees’ (Peponapis and Xenoglossa) 
are the most important pollinators of several native 
cucurbitaceous crops such as squash, pumpkins and 
gourds (Michelbacher et al., 1971). Xylocopa greatly 
increases fruit setting in passionfruit (Passiflora edulis, 
Passifloraceae) (Corbet & Willmer, 1980), and various 
native bees are important pollinators of guava (Psidium 
guajava) (Hedstrom, 1988). Because of their impor- 
tance in crop pollination (O’Toole, 1993), as well as in 
maintaining native plant diversity (Neff & Simpson, 
1993), more attention needs to be directed toward 
conservation of native bees (Vinson et al., 1993). 

Although bees are generally beneficial, a few species 
can become pests under certain circumstances. 
Certain stingless bees (especially Trigona corvina, 
T. fuscipennis, T. silvestriana and T. nigerrima) occasion- 
ally cause damage to crops such as citrus, 
macadamia, mango, palms and rambutan by biting off 
flower buds and leaves, or scraping young leaves with 
their mandibles, in order to obtain resins and chewed 
leaf material that they use in nest construction (Wille, 
1965; Camacho, 1966; Haueisen Freire & Gara, 
1970). A few stingless bees may occasionally transmit 
plant pathogens while visiting flowers (Buddenhagen 
& Elsasser, 1962). In many crops, controlling stingless 
bees is complicated by the fact that they are needed 
for pollination. 

Certain stingless bees aggressively defend their nests 
by biting, and they have the very annoying habit of 
crawling into one’s hair, nose, eyes, etc. Although less 
aggressive, species of Oxytrigona (known as ‘fire bees’) 
have very caustic bites that can cause long-lasting 
blisters (Bian et al., 1984; Roubik et al., 1987). Honey- 
bees can pose serious medical risks to persons who are 
hypersensitive to their stings. The probability of being 
stung by a honey-bee has increased in recent years 
with the spread of the more aggressive, Africanized 


-Fore wing with 0-1 submarginal cells (Fig. 18.02) MELIPONINAE 
—Fore wing with 2 submarginal cells (Fig. 18.03) 
—Small, nearly hairless bees; glossa truncate 
—Black; face elongate with extensive yellow 


—Brown; face less elongate, less yellow 


—Small to large, hairy bees; glossa pointed 


—With 2 subantennal sutures (cf Fig. 18.10) 
With 1 subantennal suture (cf Fig. 18.11) 
—Pygidial plate present; jugal lobe extending to level of cu-a (cf Fig. 18.08) 
—Pygidial plate absent; jugal lobe not reaching to level of cu-a (cf Fig. 18.09) 
Fore wing with 3 submarginal cells (Figs 18.04—18.09) 
-Hind wing with jugal lobe extending to level of cu-a (Fig. 18.08) 

—With 2 subantennal sutures (Fig. 18.10) ANDRENINAE/Protandrena 

-With 1 subantennal suture (Fig. 18.11) 
—Fore wing with M between Cu and Rs + M bowed (Fig. 18.08); usually metallic HALICTINAE 

Fore wing with M between Cu and Rs + M almost straight (Fig. 18.04); non-metallic 


—Small to medium sized; 2m-cu in fore wing bowed out posteriorly 
(Fig. 18.04) 


—Large; 2m-cu straight (cf Fig. 18.09) 
—Hind wing with jugal lobe far short of level of cu-a (Fig. 18.09) 
—2nd submarginal cell « 1st along posterior margin (Fig. 18.09) 
—M between Cu and Rs + M bowed (Fig. 18.09), usually dark blue Ceratina 
—M between Cu and Rs * M not bowed (cf Fig. 18.04) ANTHOPHORINAE/NOMADINAE 
—2nd submarginal cell > 1st along posterior margin (Figs 18.05-18.07) 
—Eyes hairy; third submarginal cell oblique (Fig. 18.07) 
Eyes not hairy; third submarginal cell subrectangular (Figs 18.05, 18.06) 
—2nd submarginal cell almost triangular (Fig. 18.06) Xylocopa 
—2nd submarginal cell anteriorly broad (Fig. 18.05) 
-Scutellum overhanging propodeum EUGLOSSINAE 


-Scutellum not overhanging propodeum BOMBINAE 


Table 18.4. Simple diagnostic characteristics of the subfamilies of bees occurring in Costa Rica. 


18.02, Meliponinae; 18.03, Megachilinae; 18.04, Colletinae; 18.05, Bombus sp. 
: 18.07, Apis mellifera. (Apinae). 


Figs 18.02-18.07. Apidae. Fore wing; 
(Bombinae); 18.06, Xylocopa sp. (Xylocopinae) 


cu-a 


Figs 18.08-18.11. Apidae. Figs 18.08-18.09. Fore and hind wings; 18.08, Halictinae; 18.09, Ceratina sp. (Xylocopinae). Figs 
18.10-18.11. Head, anterior; 18.10, Andreninae; 18.11, Halictinae. 


honey-bee (‘killer bee’) throughout the Neotropics, 
although the problem is not as grave as the media 
would have one believe (see Chapter 3.1). 


Identification Many of the Costa Rican bees can 
be identified to subfamily using the characteristics 
presented in Table 18.4, although the serious reader 
should consult Michener et al. (1994) which gives 
keys to the genera of North and Central America. 
The bee fauna of Costa Rica is still not well known 
taxonomically; only 27 per cent of the 95 genera 
have been revised, compared to 58 percent of the 
Mexican genera and 81 per cent of the bee genera of 
the United States (Ayala et al., 1993). 


Synopsis of the Costa Rican fauna 


Presently, 95 genera and over 650 species of bees 
have been identified from Costa Rica. On a per area 
basis, Costa Rica has 16 times the number of species 
as does Mexico (Table 18.2), which challenges the 
long-held belief that there is a decrease in bee diversity 
along a latitudinal gradient from the speciose temper- 
ate regions (especially the arid regions) to the rela- 
tively depauperate tropical rainforests. Competition for 
floral resources by social bees is often suggested as a 
cause for the perceived decline in species diversity in 
tropical regions. This hypothesis is challenged by 
results from three Costa Rican sites that have been 


intensively collected by Frank Parker: Cañas, Escazú 
and Bijagua. More than 200 species are recorded from 
each of the sites with Bijagua, the wettest site and the 
site with the greatest number of highly eusocial bees 
(stingless bees), having the greatest overall bee diver- 
sity. Although it is difficult to compare local faunas 
due to differences in size, habitat diversity, and collect- 
ing intensity, the bee diversity at sites in Costa Rica 
appears to compare favourably with a Mexican faunal 
study, where 228 species are recorded from a dry 
deciduous forest in Jalisco (Ayala, 1988), and with 
nearctic studies, which range from 59 to 187 species 
(Rust et al., 1983, 1985; Tepedino, 1982; Bohart & 
Knowlton, 1973). 


COLLETINAE 


The Colletinae is a cosmopolitan subfamily that is 
most diverse in Australia and South America 
(Michener, 1979). Of the 14 genera only Colletes is 
known from Costa Rica, although Eulonchopria possi- 
bly occurs here as well. Colletines are moderate-sized 
black bees with distinct fovea on frons along inner 
margin of eye. These and Diphaglossinae are the only 
subfamilies with the glossa bifid. Nests are con- 
structed in the ground and all are solitary. The 
American genera have been revised by Michener 
(1989). 


Colletes. Worldwide, except in Australia; in Costa 
Rica there are at least 18 species, which are best 
represented at intermediate elevations. Small to 
moderate-sized, hairy bees, lacking a pygidial plate; 
scopa present on hind femur and tibia as well as the 
second sternite. In one species-group that includes 
C. isthmicus and C. mexicanus, there is also a 
mesosternal scopa consisting of hairs that are api- 
cally hooked. Among Costa Rican bees only 
Manoeca shares this condition. C. punctipennis is the 
only Costa Rican bee with pictured wings. Nests are 
constructed in flat ground or cliff faces, and may be 
scattered or aggregated. 


Eulonchopria**. This genus has been reported 
from Nicaragua and northern South America 
(Ayala et al., 1993). They are coarsely, contigu- 
ously punctate bees with white apical maculations 
on some of the tergites. 


DIPHAGLOSSINAE 


A subfamily that is restricted to the New World. It 
includes three tribes, Caupolicanini, Diphaglossini and 
Dissoglotini. The Diphaglossini occurs mostly in south- 
ern South America (Michener, 1966, 1986b) and is 
not expected to occur in Costa Rica. Diphaglossinae 
are large bees, with bifid glossa (as in Colletinae). 
Many are most active at dawn or dusk and have 
enlarged ocelli. Keys to tribes and genera are provided 
by Michener (1966, 1986b). 


DIPHAGLOSSINAE: Caupolicani. This group comprises 
three genera, all of which are present in Costa Rica. 
Their antennae have the first flagellar segment elon- 
gate, subequal to or longer than scape. 


Caupolicana®®. New World; not previously 
recorded from Central America; an undescribed 
species has been collected from wet lowland forest 
(400 m). Large, non-metallic, hairy bees; the un- 
described species has greatly enlarged ocelli. Biology 
unknown. 


Crawfordapis. Mexico to Panama; one species, 
luctuosa. Large, robust black bee with dark wings; 
covered with dense black pubescence, except for 
reddish hairs laterally near the posterior end of the 
metasoma. In Costa Rica C. luctuosa is found in 
forests above 1500 metres and is active throughout 
the year. Nests are constructed in exposed sites on 
flat ground or nearly vertical banks in aggregations, 
and cells are provisioned mostly with pollen from 
buzz-pollinated plants (Otis et al., 1982; Roubik & 
Michener, 1984). 


Ptiloglossa. Four species are known from Costa 
Rica: guinnae, mayarum, tenuimarginata and an unde- 
termined species. Large, robust hairy bees with 
enlarged ocelli and, in Costa Rican species, with a 
submetallic metasoma. In a cloud forest east of 
Volcán Poas P. guinnae was found nesting in an 
aggregation of over 1300 nests in nearly flat ground. 
Females forage at dawn, utilizing primarily buzz-polli- 
nated plants as a source of pollen. The cell provisions 
are quite soupy and may harbour fermenting yeasts 
(Roberts, 1971). 


DIPHAGLOSSINAE: Dissoglotini. This group comprises 
three genera which cumulatively range from Mexico 
to Argentina (Michener, 1986b). Their antennae 
have the first flagellar segment much shorter than 
scape. 


Mydrosoma. Nine species; one, brooksi, in Costa 
Rica in southern Puntarenas Province. Taxonomy: 
Michener, 1986b. These bees fly in the late after- 
noon or just after sunset (Ayala, pers. comm.). 


HYLAEINAE 


A cosmopolitan subfamily with its greatest generic 
diversity in Australia. Only one genus, Hylaeus, occurs 
in the New World (Michener, 1979). These are small, 
mostly black bees, which often have contrasting light 
markings. 


Dare A a A 


Hylaeus. Cosmopolitan; in Costa Rica there are 20 
species in two subgenera, Hylaena and Hylaeopsis 
(Snelling, 1982), mostly in the highlands. Nearly 
hairless, although some species have dense velvety 
hairs on the propodeum and the apical margins of 
the tergites. Pollen is carried in the crop (there is no 
scopa). There are no studies on Costa Rican species 
but elsewhere Hylaeus species are solitary or occa- 
sionally parasocial, nesting in hollow stems and pre- 
existing cavities in wood or soil. 


XEROMELISSINAE 


A New World subfamily that is most diverse in the 
temperate forests of South America. Only one genus is 
present in Mesoamerica. These are mostly small dark 
bees. Their nest cells are lined with a cellophane-like 
material (Michener, 1979). 


Fig. 18.12. Hylaeus sp. (Hylaeinae). 


Chilicola. Five species in Mesoamerica of which 
(Anoediscelis) ashmeadi and (Hylaeosoma) polita are 
known from Costa Rica, where they occur at inter- 
mediate altitudes. Minute, slender, hairless, dark 
brown bees (except for a yellow clypeal mark in 
males); females differ from Hylaeus in the presence of 
a ventral metasomal scopa composed of long loosely 
plumose hairs. Taxonomy: Toro and Michener 
(1975) and Michener (1994). C. ashmeadi was found 
nesting in hollow dry twigs of Erythrina poeppigiana 
(Leguminosae) and provisioning with pollen from 
Solanaceae (oligolectic) (Eickwort, 1967). 


OXAEINAEE* 


These moderate sized, fast-flying bees are restricted to 
the New World, with most species occurring in the 
tropics. There are three genera: one occurs from the 
southern United States to Mexico, one monotypic 
genus is known only from Brazil—Argentina, and the 
genus Oxaea is centred in northern Brazil but one 
species, O. fuscescens, is known from Guatemala. 


Oxaea**. Species are narrowly polylectic, especially 
on Solanum and Cassia, and utilize buzz pollination; 
all species appear to be solitary (Hurd & Linsley, 
1976). In Colombia Oxaea fuscescens nests were 
found in grassy pastures in red sandy soil devoid of 


Augochlorini 
Distribution New World 
Diversity centre warm Neotropics 
Sociality solitary/semisocial 
Nest architecture 
Head/mesosoma shiny metallic 


Male metasoma 


basal pair articulated 


Male hind tarsomeres 
Metasomal scopal pubescence... simple 
Female tergite V deeply cleft 


Male pygidial plate absent 


cells next to main burrow 


without yellow markings 


rocks, and appeared to be perennial. Females butt 
intruders at the nest site; males are territorial, 
aggressive near flowers, and can hover in flight 
(Roberts, 1973). 


HALICTINAE (‘sweat bees’) 


This cosmopolitan subfamily is divided into three 
tribes: Augochlorini (New World), Halictini (cos- 
mopolitan) and Nomioidini (Old World) (Michener, 
1978). The New World Halictini can be further 
divided into two informal groups (see Table 18.5). A 
catalogue of the New World species is given by Moure 
and Hurd (1987). 

Halictines are among the most numerous and 
diverse groups of bees in Costa Rica, and are rivalled 
in numbers only by the Meliponinae. They are small 
to medium sized, often metallic green bees; non-para- 
sitic species with scopa composed of dense plumose 
hair on hind femur and outer surface of hind tibia; 
females commonly with loose, mostly simple hairs on 
lateral surface of propodeum, and a distinct brush of 
hair on venter of metasoma, which appear to aid in 
pollen collection; fore basitarsus usually covered with 
stiff suberect to erect hair in form of bottlebrush and 
with longitudinal comb composed of a single row of 
dense bristles. Nests of Halictinae consist of burrows in 
the ground or in rotting wood. 

Agapostemonines Halictus and Lasioglossum 
New World cosmopolitan 
cool Neotropics Holarctic 
solitary/communal solitary/eusocial 
cells far from main burrow cells next to main burrow 
shiny metallic often black 
often with yellow markings without yellow markings 


basal pair usually fused basal pair articulated 


plumose plumose 
entire entire 


present present 


Table 18.5. Characteristics of the New World groups of Halictinae (modified from Roberts & Brooks, 1987). 


HALICTINAE: Augochlorini. This tribe comprises 25 
genera and nearly 500 species, all of which are 
restricted to the New World, with 14 genera and 
about 75 percent of the species exclusively South 
American. In Costa Rica there are ten genera, a key to 
which is given by Eickwort (1969a). Although the 
majority are diurnal pollen-collectors, some are cre- 
puscular and a few are parasitic. Most nest in soil 
(often in banks), but Augochlora (Augochlora), 
Megalopta and probably Augochlora (Mycterochlora) 
nest in dead wood. The cells are either excavated in 
the substrate and concentrated to one side of the main 
burrow (Augochloropsis), or constructed in a cluster in 
a previously excavated cavity (Eickwort & Sakagami, 
1979; see Fig. 18.14). Cells may be arranged horizon- 
tally, vertically, or irregularly (versus primarily 
horizontal in Halictini), Re-use of cells is common 
(rare in Halictini). 


Fig. 


Augochlora. Canada to Argentina; over 130 
described species, with at least 27 in Costa Rica. 
The species are placed in four subgenera, three of 
which occur in Costa Rica. 

A. (Augochlora). Female mandible bidentate, 
teeth subequal. Species nest in dead wood; 
nests of hallinani, sidaefoliae, and smaragdina 
have been described by Eickwort & Eickwort 
(1973b). 


A. (Mycterochlora). Female mandible bidentate, 


E 
"mg BY A 
j "n 


teeth subequal. Two apparently undescribed species 
occur in Costa Rica. Species are presumed to nest in 
wood. 

A. (Oxystoglossella). Female mandible bearing a 
small subapical tooth. Species nest in the soil. The 
nests of cordiaefloris and nominata are constructed 
rather like those of Halictini (Eickwort & Eickwort, 
1972a); nominata is primitively eusocial. 


18.13. Augochlorella sp. (Halictinae). 


Augochlorella. (Fig. 18.13). Canada to Argentina; 
16 species, three in Costa Rica (low to mid eleva- 
tions sites): edentata, neglectula and pomoniella. 
Taxonomy: Ordway (1966). Nests of edentata are in 
vertical, vegetation-covered moist banks, with the 
entrances produced into long turrets (Eickwort & 
Eickwort, 1973a); it may be primitively eusocial 
(Michener, 1974a). 


Augochloropsis. Primarily neotropical, with species 
extending into the eastern and central United 
States; the largest genus of Augochlorini, with 138 
described species, 14 in Costa Rica (widespread and 
abundant). These are about equally divided between 
the subgenera Augochloropsis and Paraugochloropsis. 
Brilliant green, gold, coppery, purple, or red bees, 
with head and mesosoma sometimes dark; inner 
posterior margin of tegula produced; first two ter- 
gites often with dense apical fringe of stout hairs. 
Nests aggregated or not, in flat ground or vertical 
banks; mostly solitary or facultatively communal, 
though ignita may be semisocial or eusocial 
(Michener & Lange, 1959; Michener, 1974a). 


Caenaugochlora. Mexico to Ecuador; 14 described 
species, but 18 species occur in Costa Rica, where 
they are widespread, but absent from the drier 
Pacific parts. Many species have an elongate head; 
several species have clouded or bicoloured wings, 
and some have brilliant red metasomas; males with 
tufts of specialized hair on sternite IV (as in 
Pseudaugochloropsis); hind tibial spur of the female 
loosely pectinate (subgenus Caenaugochlora) or finely 
and densely pectinate (subgenus Ctenaugochlora). 
The nest of costaricensis, which is semisocial, was 
described by Michener and Kerfoot (1967; as 
Pseudaugochloropsis). 


Megalopta. Mexico to Argentina; 28 species, three 
in Costa Rica, including centralis and genalis. 
Medium-sized bees with metallic green head and 
mesosoma and contrasting yellowish brown meta- 
soma; ocelli greatly enlarged; ventral hairs of hind 
tibial scopa loosely plumose (as opposed to densely 
plumose in most Augochlorini). M. centralis has 
been observed nesting in a vertical, 22 mm diame- 
ter branch in the upper part of a dead tree (Janzen, 
1968b). Species are nocturnal and buzz-pollinate 
Solanaceae. 


Megommation*. This genus, previously known 
only from South America, comprises four described 
species, in three subgenera, and two apparently 
undescribed species of M. (Megaloptina) in Costa 
Rica. Dull metallic with reddish metasoma or 
mostly dark brown; mouthparts very long, slender 
and set in a narrow fossa; clypeus strongly protrud- 
ing; ventral hind tibial hairs of female scopa have 
reduced plumosity (as in Megalopta). They are cre- 
puscular bees that construct nests in flat ground. 
The entrance has an erect turret (Michener €: 
Lange, 1958). 


Neocorynura. Mexico to Argentina; about 65 
species in two subgenera; all 25 of the Costa Rican 
species belong to the nominate subgenus. They are 
absent from the drier parts of northwestern Costa 
Rica. Variable in form, but often elongate with a 
clavate metasoma; remarkably similar in shape and 
markings to polistine wasps; wings transparent, yel- 
lowish, black or bicoloured. Their nests are in moist 
dirt banks and are sometimes aggregated. The nest 
of pubescens was described by Michener et al. 
(1966). The nesting behaviour of N. fumipennis 
differs from most other halictines in that each cell is 
provisioned and sealed before the next cell is begun; 
the female defends the nest with her jaws instead of 
blocking the entrance with the metasoma as do 
most other halictines (Michener et al., 1966). 


Pereirapis. This genus, comprising perhaps just a 
single species, semiaurata, occurs from Mexico to 
Brazil. It is widespread and common in Costa Rica. 
Small bees, very similar to Augochlorella, but with a 
non-metallic brown metasoma that contrasts with a 
metallic head and mesosoma. The nest was 
described by Eickwort and Sakagami (1979). 


Pseudaugochloropsis. Texas to Argentina; seven 
species, three in Costa Rica (absent from drier 
areas): graminea, sordicutis and an undetermined 
species. Males have tufts of specialized hairs on ster- 
nite IV (as in Caenaugochlora), and the terminal 
antennal segment hooked (unique among 
Halictinae). The vertex of the female has a ridge 
above the ocelli. P. sordicutis is dichromatic, with 
both black and green forms from the same nest. 
Nests of graminea and sordicutis (as nigerrima) are in 
vertical banks and in the latter species are aggre- 


gated (Michener & Kerfoot, 1967). About two thirds 
of the nests are small and inhabited by lone females 
that remain in the nest until about the time of 
emergence of the offspring (the mother probably 
dies at this time). Some nests are subsequently 
enlarged by semisocial colonies that may consist of 
up to seven females. 


Temnosoma. Arizona to Argentina; seven species 
in two subgenera. Two species belonging to the 
nominate subgenus occur in Costa’ Rica: 
smaragdinum and an undescribed species. Small, 
bright metallic, coarsely punctured bees, resembling 
chrysidids. They are cleptoparasites. 


HALICTINAE: Halictini. This tribe comprises close to 30 
genera worldwide with over 700 currently recognized 
species in the New World. In the Americas there are 
two groups of non-parasitic Halictini (see Table 18.5): 
'agapostemonines' (most of the genera listed below) and 
other Halictini (Halictus and Lasioglossum). Keys to the 
genera of agapostemonines of Mesoamerica and to 
species (except Agapostemon, Caenohalictus and 
Habralictus) are given in Roberts and Brooks (1987). 
Nests of agapostemonines have long lateral tunnels 
leading to cells (Fig. 18.14), which are arranged singly 
or in series. Nests of other Halictini have long to short, 


obsolescent laterals; nests having cells in clusters differ 
from those of Augochlorini in that the cells are typi- 
cally excavated in the soil and the cavity then dug 
around them (Eickwort, 1969b; Eickwort & Sakagami, 
1079 


Agapostemon. Canada to Paraguay; 43 species, six 
in Costa Rica: atrocaeruleus, cockerelli, intermedius, 
leunculus, nasutus and texanus. Most Agapostemon 
“species occur below 1500 metres, except leunculus 
which is found between 1000 and 3000 metres. 
Posterior surface of propodeum surrounded by a 
carina (as in Agapostemonoides). Taxonomy: Roberts 
(1972). A. nasutus nests in vertical, vegetated 
banks, and is colonial (Eickwort & Eickwort, 1969). 


Agapostemonoides. Costa Rica to Bolivia; only one 
species, hurdi, is known. It has only been collected 
below 1500 metres in Costa Rica. It is like 
Agapostemon, but darker and with hairy eyes. There 
are two colour phases in females: metasoma black 
with yellow maculae, or amber with yellow 
maculae. A. hurdi may be oligolectic on Piper 
(Roberts & Brooks, 1987). Its nest is unknown. 


Caenohalictus. Mexico to southern Argentina; 
about 50 species, most of which occur in South 


Fig. 18.14. Schematic diagram of nests of Costa Rican Halictinae (modified from Eickwort € Sakagami, 1979): a) Halictini 
(agapostemonines); b) Augochloropsis; e) Caenaugochlora, Megalopta, Neocorynura, Pseudaugochloropsis; d) Megommation; e) 


Augochlora (Augochlora), Augochlorella, Pereirapis. 


America; apparently only one undescribed species 
occurs in Costa Rica. Eyes hairy; mesoscutum 
shiny. The nest of a Colombian species was 
described by Michener et al. (1979); cells are clus- 
tered or single at the ends of lateral burrows. 


Dinagapostemon. Rare bees occurring in 
Mesoamerica and northern South America. Only 
two species (costaricensis and orestes) are known 
from Costa Rica (both from only one sex); they 
occur in moist forests at elevations between 1000 
and 2400 metres. Their eyes have long hairs. Nests 
are unknown. 


Habralictus. Mexico to southern Brazil; 21 
described species in South America; in Costa Rica 
there are 14 species (most are probably unde- 
scribed). Small slender bees with glabrous eyes; the 
male metasoma is very slender. They nest commu- 
nally in dirt banks; those of a Brazilian (Michener & 
Lange, 1958) and a Colombian species (Michener et 
al., 1979) have been described. 


Halictus. Nearly cosmopolitan (absent in Australia 
and southern South America); over 200 species, 
most of which occur in the Palaearctic region. 
Small bees distinguished from other Halictini by the 
presence of distinct apical hair-bands on the meta- 
somal tergites. The genus is divided into three sub- 
genera, two of which occur in the New World. 

H. (Halictus). A primarily Old World genus repre- 
sented by four species in the Nearctic region, 
one of which, ligatus, extends south to Colombia 
and Trinidad. Black; females are unique among 
Costa Rican bees in having a greatly enlarged 
gena with a distinct ventral angle. Nests of this 
species were studied by Michener and Bennett 
(1977) in Colombia; young colonies are 
eusocial. 

H. (Seladonia). In the New World this group 
extends south to Brazil; seven species, two in 
Costa Rica: hesperus (metasoma black) and 
lutescens (metasoma orange). Head and mesosoma 
metallic. Nests of hesperus were studied by Brooks 
and Roubik (1983) and Brooks and Cane (1984) 
in Panama, and those of lutescens by Sakagami 
and Okazawa (1985) in Guatemala. Nests of both 
species were studied by Wille and Michener 
(1971) in northwestern Costa Rica, where they 


apparently pass the rainy season in a state of 
ovarian diapause. Both species are eusocial. 


Lasioglossum. Cosmopolitan; approximately 420 
species in the New World. It is probably the largest 
genus of bees in Costa Rica. Small bees, which may 
have pubescent bands on the metasoma, but these 
are never apical as in Halictus. There are three sub- 
genera which are sometimes accorded generic rank. 

L. (Dialictus). About 40 species in Costa Rica. 
Small, submetallic bees with reddish metasoma. 
They vary from solitary to primitively eusocial. 
L. umbripenne is primitively eusocial; nests have 
multiple entrances with branching burrows, and 
guard bees block the narrowed entrances with 
their heads (Eickwort & Eickwort, 1971). 

L. (Evylaeus). At least ten species occur in Costa 
Rica. Black bees. 

L. (Lasioglossum). Absent from South America, 
but there are four species in Costa Rica: costale, 
eickworti, katyae and uyacicola. Black bees. 
Taxonomy: McGinley (1986). 


Microsphecodes. Neotropical; seven species, with 
perhaps two in Costa Rica. Small, shiny, black and 
orange bees, with a propodeum similar to Sphecodes. 
M. kathleenae has been reared as a cleptoparasite of 
Lasioglossum umbripenne (Eickwort € Eickwort, 
1972b; Eickwort & Stage, 1972). 


Ptilocleptis. A small, rarely collected neotropical 
genus with three described species. Two species 
occur in Costa Rica: tomentosa and one undescribed 
species. Rather small bees with rugose sculpturing 
on the mesosoma; surface of tergites II—VI 
obscured by dense appressed plumose hair. 
Cleptoparasites, host unknown, 


Rhinetula. This genus contains just a single 
species, denticrus, which occurs in lowland wet 
forests from Honduras to Bolivia. Moderate-sized, 
metasoma dark, eyes hairy; unlike other agaposte- 
monines,the male antennae are short, as in the 
female. R. denticrus appears to be crepuscular but its 
nests and floral preferences are unknown. 


Sphecodes. Cosmopolitan; two subgenera: S. 
(Sphecodes), which is cosmopolitan except for South 
America, and S. (Austrosphecodes), which has 32 


670. 


species in South America. The former subgenus 
comprises 86 species in North America and at least 
four species in Costa Rica, including aeneiceps, 
clypeatus and costaricensis. Small, sparsely hirsute, 
rather coarsely punctate bees; males often black; 
females usually with a red metasoma; basal zone of 
propodeum well delineated and coarsely areolate. 
Sphecodes species are cleptoparasites. 


ANDRENINAE 


This subfamily comprises six genera—two in south- 
western North America, one in Peru, two in Chile, 
and the primarily holarctic genus Andrena (Michener, 
1986a). It consists of small to moderate sized bees 
which can be recognized by the presence in females of 
a hairy facial fovea, and the absence on the inner 
surface of the hind tibia of short, apically modified 
hairs (keirotrichia). 


Andrena. Primarily holarctic, south to Panama; 
over a thousand species. The New World species 
are classified in 49 subgenera, of which only the 
subgenus Callandrena (discreta, vidalesi, and two 
undetermined species) has been reported from 
Costa Rica, although there are also two species 
(apparently undescribed) belonging to an 
unknown subgenus. They occur uncommonly in 
the highlands where they have been collected from 
December to March, and in the dry forests of 
northwestern Costa Rica in August. Black, some- 
times with faint metallic reflections, occasionally 
with metasoma red; lower face with light markings 
(especially in males). The scopa on the hind legs is 
augmented by a more or less developed propodeal 
corbicula on the lateral surface. Taxonomy: 
LaBerge (1967, 1986). Many are oligolectic; all 
nest in soil, and most are solitary, although a few 
may be quasisocial (communal). The biology of the 
Costa Rican species is unknown. 


PANURGINAE 


Panurgines occur in the Palaearctic and drier parts of 
Africa but are most abundant and diverse in the New 
World. There are 38 genera/subgenera in the Nearctic 
and more than 20 genera/subgenera in the Neotropics 
(Michener, 1979). Four genera have been found in 
Costa Rica. Panurgines are most diverse in dry areas 
and are poorly represented in the wet lowland and 
montane tropical forests. They are usually small, 


sparsely pubescent bees with facial maculations. 
Females have well developed but hairless facial foveae. 
The mouthparts, fore coxae, and mesosternum often 
have modified hairs, apparently related to pollen col- 
lection; they lack the long scopal hairs on the hind 
trochanter found in Andrena. All panurgines are 
ground nesters and most are solitary; many are 
oligolectic. Rozen (1989) has reviewed the biology of 
the less derived genera, Protandrena, Pseudopanurgus, 
Pterosarus and Heterosarus. 


Calliopsis. Primarily southwestern United States and 
adjacent Mexico; eight subgenera and 38 species; two 
subgenera and two species in Costa Rica: (Calliopsima) 
hurdi and (Calliopsis) hondurasica. They are rare and 
occur at intermediate elevations and in the dry forests 
of the Pacific coast. In the latter area they are active 
during the dry season. Moderately hairy bees with 
yellow or white markings on the face, pronotum, and 
legs (better developed in males). Species nest in aggre- 
gations and the burrow entrance remains closed 
throughout provisioning (Shinn, 1967). 


Heterosarus. The genus comprises about 120 
species, which are grouped in two subgenera, 
Heterosarus and Pterosarus. Five species are known 
from Costa Rica: (P.) bidentis, (H.) parvulus, (H.) 
setiger, and two undescribed species. They occur in 
the highlands and on the dry Pacific slope, and 
have been collected from July to January. Shiny to 
dull, black bees, with light facial markings in the 
males; males may also have marks on the pronotal 
lobe and legs. Their nests are scattered, the 
entrance lacks a tumulus, and the main burrow 
remains open during provisioning (Rozen, 1989). 
H. setiger has been collected on Senecio benestedianus 
(Compositae) on the Cerro de la Muerte 
(Timberlake, 1977). 


Protandrena. One undescribed species of this genus 
is known from northwestern Costa Rica. It is the 
only Costa Rican panurgine with three submarginal 
cells. Nest structure is similar to Heterosarus (Rozen, 
1989), but nothing is known about the biology of 
the Costa Rican species. 


Pseudopanurgus. This genus comprises 32 species, 
two of which occur in Costa Rica: costaricensis and 


crenulatus. Rather shiny black bees with dark 
wings; the face and legs of males have yellow 
markings; females are remarkable for their greatly 
elongated fore coxal spine, which is clothed 
with long curved hairs; scopal hairs plumose. The 
nests of Costa Rican species are unknown, but 
those of other species are similar to Heterosarus 
(Rozen, 1989). 


LITHURGINAE 


This subfamily comprises three genera, Lithurge 
(nearly cosmopolitan), Microthurge (southern Brazil, 
Argentina and Bolivia) and the relatively primitive 
Trichothurgus (Argentina, Chile and Peru) (Michener, 
1983). All have mouthparts reaching the metasoma 
(usually shorter in Megachilinae). The outer surfaces 
of tibiae bear coarse hairless spicules, the hind 
basitarus is nearly cylindrical (it is flattened in females 
of most bees) and the first metasomal tergite is 
flattened. 


Lithurge. This genus is divided into two subgenera: 
Lithurge (Old World, but adventive in New World) 
and Lithurgopsis (New World, possibly absent from 
wet tropics). There are about 12 New World 
species, of which only planifrons occurs in Costa 
Rica. Moderate-sized, black bees with narrow but 
distinct apical hair bands on the tergites; female 
subantennal area with a pair of projections. 
Taxonomy: Snelling (1983b, 1986a). Species of 
Lithurgopsis are oligolectic on Opuntia (Cactaceae). 
Nests are excavated in dead wood. 


MEGACHILINAE (‘leaf-cutter bees’ and ‘mason bees’) 
This subfamily is divided into four tribes, of which 
three occur in Costa Rica. Females of the nonparasitic 
species carry pollen on the ventral surface of the 
metasoma. They nest mostly in pre-existing cavities, 
although a few species excavate their own burrows in 
the ground or build exposed nests. Cell walls or parti- 
tions are made of materials brought into the nest from 
the outside and include pieces of leaves, chewed leaf 
material, resin or mud. Most species are solitary but 
some species of Megachile are communal or perhaps 
quasisocial. 


MEGACHILINAE: Osmiini. A primarily holarctic and 
. afrotropical tribe, but it is present in much of Asia and 


in the New World south to Panama. Of the eight 
North American genera only two, Osmia and Heriades, 
reach Central America. They have a large pterostigma 
and arolia are present. Most species nest in existing 
holes in stems, wood and even in discarded snail 
shells. A few Old World groups excavate their own 
nests or build exposed nests on twigs. 


Heriades. Holarctic region, tropical Africa and Asia; 
in the New World there are approximately 28 
species, half of which are undescribed; three species 
in Costa Rica: bruneri, currani and an undescribed 
species. Small, slender, cylindrical, black bees with a 
coarsely sculptured integument and a sharp carina 
bordering the anterior dorsal face of tergite I. In 
Costa Rica they show strong seasonality, flying from 
December to April. Their nesting biology is 
unknown in Costa Rica, but elsewhere they con- 
struct a linear series of cells in holes in wood, and 
use resin to cap cells and to plug the nest entrance. 


Osmia. Holarctic, but most diverse in western 
North America where there are about 115 species 
in 12 subgenera. Only the subgenus Diceratosmia 
reaches Costa Rica, where it is represented by two 
species in the highlands: azteca and an undescribed 
species. Moderate-sized, black bees, sometimes 
clothed in rather dense reddish hair. Nests consist of 
a linear series of cells in stems or wood, and cell 
partitions are made of masticated leaves. O. azteca 
specializes on Compositae. 


MEGACHILINAE: Anthidiini. This cosmopolitan tribe 
consists of 80 genera and subgenera in the Old World, 
and 35 genera and subgenera in the New World. Eight 
genera, two of which are parasitic, are recorded from 
Costa Rica. Anthidiines are small to moderate sized 
bees which are usually black with yellow markings; 
the pterostigma is small and the posterior margin of 
the scutellum is at a distinct angle to the dorsal 
surface. 


Anthidiellum. Holarctic, in the New World as far 
south as Costa Rica. There are about eight species 
in North America, one of which, apicale, reaches 
Costa Rica. Yellow wings with dark tips; preoccipital 
carina strong on vertex but not extending ventrally 
onto the gena; omaular carina strong; scutellum 


short, truncate, carinate posteriorly and overhang- 
ing propodeum. Species construct exposed, resin 
nests on twigs. 


Anthidium. Holarctic, Afrotropical and Neotropical 
regions; about 60 species in the New World, two in 
Costa Rica: hallinani and maculifrons. Hind tibia with 
longitudinal carina; arolia absent; mandible of female 
with six or seven teeth; tergite VII of male trilobed or 
spined. Species nest in existing cavities (hallinani uses 
trap-nests) or excavate nests in soft soil; they use 
cottony plant fibres in nest construction. 


Anthodioctes. Neotropical; 21 species in three sub- 
genera; two subgenera in Costa Rica: Anthodioctes 
(wavy hair on the fore basitarsus—calcaratum and 
an undescribed species) and Nanathidium (scopal 
hair clubbed—gualanense). These bees have a pair of 
carinae present between the antennal sockets; preoc- 
cipital carina strong, extending ventrally almost to 
hypostomal carina; omaular carina distinct, incom- 
plete; basal zone of propodeum horizontal, pitted. 
Species nest in existing holes and utilize trap nests. 


Dolichostelis. North America to Costa Rica; six 
species, in Costa Rica only costaricensis. Propodeum 
with distinct pitted basal zone; fore and mid tibiae 
with two outer apical spines. Taxonomy: Parker and 
Bohart (1979). D. costaricensis has been reared as a 
cleptoparasite of Megachile (Chelostomoides) otomita 
in northwestern Costa Rica (Parker et al., 1987). 


Hoplostelis. Neotropical; about 12 species. Two 
subgenera have been recognized: larger robust 
species (Hoplostelis) and smaller slender species 
(Austrostelis) (Michener & Griswold, 1994). The 
former is represented in Costa Rica by bivittata 
(wings yellow with dark tips) while the latter group 
is known both from South America and Mexico, 
and has now been found to be present in Costa 
Rica. A third group of species is represented by an 
undescribed species in northwestern Costa Rica (Rio 
Naranjo). Propodeum with a distinct but narrow 
pitted basal zone; parantennal carinae present; fore 
and mid tibiae with one outer apical spine. H. bivit- 
tata is a cleptoparasite of orchid bees. 


Hypanthidioides. Neotropical; seven species, in 
Costa Rica only (Saranthidium) panamense. Mostly 


red and yellow, small bees with some black on 
head and mesosoma; parantennal and omaular 
carinae present; a semicircular carina on the 
propodeum forms a dorsal anterior shelf and 
passes behind the spiracle, but a large postspiracu- 
lar pit is absent; arolia absent; males with a trun- 
cation on the apical margin of tergite VI, tergite 
VII bilobed, sternite V with apical comb of red 
teeth; scopal hairs are blunt, appearing singed. 
Biology unknown. 


Hypanthidium. Neotropical; more than eight 
species, two apparently undescribed species occur in 
Costa Rica. Omaular carina present but incomplete; 
propodeum with a large quadrate pit behind the 
spiracle; arolia absent; scopal hairs blunt, appearing 
singed; tergite VII of male large, flat, semicircular. 
Biology unknown. 


Paranthidium. North America to Costa Rica; 
about six species in two subgenera; in Costa Rica 
only the rarely collected (Rapanthidium) vespoides. 
Preoccipital, omaular and propodeal carinae absent; 
fore and mid tibiae without apical spines; mandible 
of female slender medially, greatly expanded 
apically, blade-like and without teeth. Biology 
unknown. 


MEGACHILINAE: Megachilini. This tribe consists of two 
cosmopolitan genera, both with numerous subgenera. 
They are small to moderate sized bees with a large 
pterostigma (longer than wide) and without arolia. 


Coelioxys. A large cosmopolitan genus which, in 
the New World, comprises 133 species in 14 sub- 
genera. In Costa Rica there are nearly 30 species in 
11 subgenera: Acrocoelioxys (6 species), Boreo- 
coelioxys (1), Cyrtocoelioxys (9), Dasycoelioxys (2), 
Glyptocoelioxys (2), Haplocoelioxys (1), Melano- 
coelioxys (2), Neocoelioxys (2), Platycoelioxys (1), 
Rhinocoelioxys (2) and Synocoelioxys (1). Taxonomy: 
Mitchell (1973). Mainly black bees, sometimes with 
red on basal tergites; eyes hairy; lower gena often 
with an excavated area; axilla with a spine; scutel- 
lum often modified; metasoma of female elongate 
and pointed apically; male with multiple spines on 
tergite VI. Coelioxys species are cleptoparasites of 
Megachile, and in the Neotropics also of Centris. 


Megachile. In the New World this genus comprises 
about 500 species in approximately 40 subgenera. 
Nearly 50 species in 15 subgenera are recorded 
from Costa Rica: Acentron (2 species), Argyropile (1), 
Austromegachile (8), Chelostomoides (previously 
placed in  Chalicodoma; 5), Chrysosarus (2), 
Cressoniella (1), Holcomegachile (1), Leptorachis (5), 
Melanosarus (1), Moureana (2), Neomegachile (3), 
Pseudocentron (7), Ptilosarus (3), Sayapis (3) and 
Tylomegachile (1). Taxonomy: Mitchell (1980). Black 
bees, often appearing yellowish because of dense 
light hair; mandible of female usually with one or 
more cutting edges between the teeth; fore leg of 
male, especially the basitarsus, often highly 
modified. Most species utilize leaf pieces to line the 
cells, but some use soil and/or resin. 


NOMADINAE 


This subfamily comprises over 30 genera worldwide; 
15 are present in North America, mostly in desert 
regions; five occur in Costa Rica. They are small to 
moderately large, sparsely pubescent bees, and typi- 
cally have distinct markings due to integumental mac- 
ulations or contrasting hair bands. All species are 
cleptoparasites (‘cuckoo bees’). 


Epeolus. Cosmopolitan; more than 100 species. 
Both subgenera, Epeolus and Trophocleptria, occur 
in Costa Rica, with a total of six species. Moderate 
sized bees with clouded wings; body sometimes 
all black, more often with off-white transverse 
pubescent bands composed of dense squamose 
hairs, and with pronotum, axilla and scutellum 
red. The biologies of the Costa Rican species are 
unknown, but elsewhere species are cleptopara- 
sites of Colletes. 


Nomada. Primarily holarctic, uncommon in the 
tropics. Of the eleven North American subgenera 
only three reach Costa Rica: Hypochrotaenia (three 
species), Micronomada (two species, mostly from 
Pacific lowlands), and Nomada (single species in 
drier, northwestern part of country). Small, wasp- 
like bees with distinct yellow and red-brown mark- 
ings, including transverse bands on two or more of 
the tergites; fore wing with a strong dark stripe 
along anterior margin. Taxonomy: Snelling 
(1986b). The biologies of the Costa Rican species 
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are unknown, but elsewhere species are cleptopara- 
sites of Andrena (primarily), Agapostemon and 
Exomalopsis (Snelling, 1986b). 


Odyneropsis. Southern Arizona south throughout 
the tropics; about ten species, three of which are 
rare, but apparently widely distributed in Costa 
Rica. Moderately large, wasp-like bees, all black 
with the fore wing dark, but sometimes with a 
white apex; axilla spined. O. gertschi is a cleptopara- 
site of Ptiloglossa guinnae (Roberts, 1971). 


Thalestria. South America; monotypic, with one 
unconfirmed record from Costa Rica. Moderately 
large black bee that appears blue to green because of 
dense reflective scale-like hairs; axilla spined; scutel- 
lum biangulate. It is a cleptoparasite of Oxaea. 


Triepeolus. New World; over 130 species, eight in 
Costa Rica (highlands and Pacific side). Moderate- 
sized black bees with dense white or yellow 
squamose pubescent bands; axilla often spined. 
Species are cleptoparasites of Eucerini, Protoxaea 
and Ptiloglossa. 


ANTHOPHORINAE 

This large, cosmopolitan subfamily is represented in 
Costa Rica by nine tribes. Anthophorine bees usually 
nest in the ground (sometimes in wood). Nest cell shape 
and cocoon characteristics of the tribes of Anthophori- 
nae were briefly compared by Torchio (1974). 


ANTHOPHORINAE: Anthophorini. This tribe comprises 
four genera with greatest diversity in xeric and 
Mediterranean climates. Only one genus occurs in 
Costa Rica. 


Deltoptila. Endemic to the highlands of 
Mesoamerica (Chihuahua, Mexico to Costa Rica; 
Ayala, pers. comm.); about eight species, two in 
Costa Rica: costaricensis and an undescribed species. 
It has often been collected from Cuphea (Lythraceae) 
(LaBerge & Michener, 1963). 


ANTHOPHORINAE: Centridini. This New World tribe 
is most diverse in the Neotropics and comprises 
three genera, Centris, Epicharis and Ptilotopus. The 
last of these is so far known only from South America 


and Panama, but may be present in Costa Rica. The 
other two genera are both well-represented in Costa 
Rica. Centridine females have longitudinal combs on the 
fore and mid basitarsi, and a large basal hind tibial 
plate; the scopa is very large, composed of long, highly 
branched hair on the hind tibia and the enlarged 
basitarsus. Keys to genera and species are given in 
Snelling (1984). 


Centris. Deserts of North America south throughout 

the Neotropics; over 130 species in 13 subgenera, of 

which 34 species in eight subgenera occur in Costa 

Rica. Moderate-sized to large black bees; metasoma 

often red, yellow or metallic green, and covered with 

dense, short, black to yellow pubescence; clypeus 
only slightly protuberant, and usually marked with 
yellow in both sexes; hind femur of male often 
enlarged. The mating behaviour (see above, under 

Biology) and nesting behaviour of several species 

occurring in northwestern Costa Rica have been 

intensively studied (e.g. by Frankie et al., 1988, 

1989, 1990; Vinson et al., 1993). Centris species 

either dig burrows in soil or use pre-existing holes in 

wood. Nests contain one to several cells, which are 
provisioned with oil, collected from oil-bearing plants 

(e.g. Byrsonima crassifolia, Malpighiaceae), and pollen. 

C. (Centris). Metasoma metallic blue. Seven species 
in Costa Rica: adani (Frankie et al., 1980; Vinson 
et al., 1982), aethiocesta (Vinson & Frankie, 
1988), aethyctera (Vinson & Frankie, 1977, 
1991), flavifrons (Vinson & Frankie, 1988), flavo- 
fasciata (Vinson et al., 1987), inermis (= segregata) 
(Coville et al., 1983) and obscurior. Many species 
have ‘metanders’ (unusually large, robust males). 
Species nest in the soil. 

C. (Hemisiella). Four species in Costa Rica: dich- 
rootricha, nitida (Williams et al., 1984), trigonoides 
(Williams et al., 1984) and vittata. They nest in 
holes in wood, lined with soil. 

C. (Heterocentris). Four species in Costa Rica: 
analis, bicornuta, difformis and labrosa. They nest 
in holes in wood, lined with wood chips. 

C. (Melanocentris). Black, or with the metasoma 
dusky ferruginous. Six species in Costa Rica: 
agilis, agiloides, flavilabris, fusciventris, obsoleta and 
plumipes. 

C. (Paracentris). Two species in Costa Rica: atripes 
and nigrocaerulea. 
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C. (Ptilocentris). Only festiva occurs in Costa Rica. 

C. (Trachina). Six species in Costa Rica: fuscata, 
heithausi (Coville et al., 1986), labiata, longimana, 
similis and vidua. They nest in soil, or in the sides 
of inhabited arboreal termite nests. 

C. (Xanthemisia). Three species in Costa Rica: 
carolae, lutea and rubella. They nest in holes in 
wood, lined with wood chips. 


Epicharis. Primarily neotropical but extending into 
North America; nine subgenera, four in Costa Rica: 
Epicharana (4 species), Eicharoides (2), Hoplepicharis 
(1) and Parepicharis (1). A fifth subgenus, Epic- 
haritides, is known from Panama and may occur in 
Costa Rica. Large, black bees, usually with yellow 
markings on the metasoma; vertex with a plume of 
long setae behind each eye. Species collect oil. One 
species has been found nesting at the back of a 
small cave (G. Frankie, pers. comm.). 


ANTHOPHORINAE:  Emphorini. Emphorines are 
restricted to the New World. The tribe comprises 
three genera, only one of which, Melitoma, is known 
from Costa Rica; Diadasia may also occur here since 
it is known from temperate North America and from 
Panama south (Michener, 1954). Emphorines are 
relatively large bees with a convex vertex and a pro- 
truding clypeus. The burrow has a turret over the 
entrance. 


Melitoma. Southern United States south through- 
out the Neotropics; about ten species, four in Costa 
Rica: marginella, monozonula and two undescribed 
species. Rather broad and flat black bees with 
narrow transverse bands of white hair on the ter- 
gites; tongue very long. Species are oligolectic on 
Ipomoea (Convolvulaceae) and fly mostly from 
December through to March. Nests of M. segmen- 
taria (= euglossoides) have been described in 
Colombia (Michener, 1974a) and Mexico (Torchio, 
1974). This species nests near water, which it col- 
lects and uses to soften the hard clay in which it 
burrows. Because it nests in exposed vertical banks 
it is rare in lowland tropical areas, since embank- 
ments quickly become covered with vegetation, and 
adobe is not used as a construction material by 
humans in these areas (Michener, 1974a; Torchio, 
1974; Linsley et al., 1980). 
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ANTHOPHORINAE: Ericrocini. This tribe is represented 
by four genera in Costa Rica. They are moderate-sized 
to large bees that often have metallic scales. The 
labrum is distinctive in having a pair of apical hair 
tufts. The mid tibial spur and scutellum are also 
modified. A key to the genera is given in Snelling and 
Brooks (1985). All ericrocines are cleptoparasites and, 
where known, their hosts are Centridini. 


Aglaomelissa. Costa Rica to Venezuela; monotypic. 
A. duckei has a metallic blue to green body and the 
fore wing with a dark apex. It is cleptoparasitic, 
apparently on Centris. 


Ctenioschelus. Mexico (Ayala et al., 1993) to 
Brazil; monotypic. C. goryi has green scales on its 
body; the antenna of the male is longer than the 
body. Host unknown. 


Mesocheira. Mexico to Brazil; monotypic. In Costa 
Rica M. bicolor is known to occur only in the 
northwest. Black and reddish bee with the dorsum 
of the metasoma covered with blue-green scale-like 
hairs and wings with dark apical marks; scutellum 
with a distinctive bilobed plate extending posteri- 
orly. It is a cleptoparasite of Centris species (Parker, 
1977). 


Mesoplia. Southwestern United States to 
Argentina; about a dozen species in two subgenera, 
Eumelissa and Mesoplia. Both subgenera, and seven 
species occur in Costa Rica. Body covered with 
metallic blue to green scales, with the legs and 
tegula sometimes red; fore wing sometimes with a 
dark apical spot. They fly from December to May, 
and are cleptoparasites of Centris and Epicharis 
(Snelling & Brooks, 1985). 


ANTHOPHORINAE: Eucerini. The Eucerini is a large 
tribe found on all continents except Australia. It is 
represented by 30 genera in the New World. Male 
eucerines characteristically have very long antennae 
extending beyond the mesosoma. The North and 
Central American genera were revised by LaBerge 
(i957): 


Florilegus. New World; 11 species in three subgen- 
era, two species in Costa Rica: (F.) condignus and 
(Floriraptor) melectoides. The former occurs from the 


United States to southern South America, but in 
Costa Rica it is known only from the northwestern 
part of the country. F. melectoides occurs from Costa 
Rica to South America. Black bees with a bluish or 
greenish sheen; head and mesosoma densely 
clothed in light (male) or black and white (female) 
hair; metasoma with distinct transverse hair bands. 
Taxonomy: Urban (1970). They are polylectic, but 
with an apparent preference for the Leguminosae. 
Nests of condignus were described from the United 
States (LaBerge & Ribble, 1966), where they were 
constructed in flat ground and consisted of shallow 
(less than 20 mm deep), vertical burrows with 
single vertical cells at the ends of short lateral 
tunnels. 


Gaesischia. Southern Arizona south through the 
Neotropics; 19 species in three subgenera, in Costa 
Rica only (Gaesischiana) exul. Black with a largely 
tan metasoma, densely covered with light hair; 
clypeus with a broad white stripe; scopa composed 
of simple hairs. G. exul is active from January to 
March in drier parts of the highlands and the 
Pacific slope. Nest unknown. 


Melissodes. New World; more than 120 species in 
eight subgenera, in Costa Rica there are seven 
species in three subgenera: (Ecplectica) raphaelis, 
(Eumelissodes) persimilis, (Melissodes) panamensis, 
(M.) tepaneca, (M.) thelypodii and two undetermined 
species. Black, with abundant reddish hair; tegula 
with the outer anterior margin incurved rather 
than convex; scopal hairs highly plumose. 
Taxonomy: LaBerge (1956, 1961). In southern 
Costa Rica at mid altitudes (1100 m) persimilis is 
oligolectic on Compositae (Buchmann & Jones, 
1980). 


Melissoptila. Southern Texas south through the 
Neotropics; 16 species in three subgenera, in Costa 
Rica two species in one subgenus (Ptilomelissa): 
joseana and pinguis. Small, black bees, usually with 
dense appressed golden pubescence concealing the 
surface of metasoma; scopal hairs long and loosely 
plumose. Taxonomy: Urban (1968). They fly from 
November to March and nest gregariously in soil. 


Peponapis. New World; 17 species, seven in Costa 
Rica, all in the subgenus (Peponapis). Black bees, with 
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tropics. Four of the eleven genera occur in Costa Rica. 
They are small to moderate-sized, rather robust bees. 


or without light hair on mesosoma and light hair 
bands on tergites; scopal hairs coarse and sparse, 


especially on inner surface of tibia and basitarsus; 
male antenna not greatly elongate. They are active 
early in the morning, are oligolectic on Cucurbitaceae 
and have species-specific pollen collecting devices, 
which apparently influences their pollen collecting 
ability on particular Cucurbita species (Hurd & Linsley, 
1966, 1970; Hurd et al., 1971). 


Svastra“F, One subgenus, S. (Svastra), is present in 
Argentina and Chile, while S. (Brachymelissodes) 
and S. (Epimelissodes) occur in temperate North 
America. Although not previously recorded south of 
Guatemala, two species of Epimelissodes (nitida and 
aff. albocollaris) occur in the drier Pacific side of 
Costa Rica. Black; female with particularly dense 
plumose hair on venter of metasoma in addition to 
the long, dense, plumose scopal hairs on the hind 
leg; male antenna not greatly elongate. Taxonomy: 
LaBerge (1956, 1958). One species flies in July and 
August, and the other has been collected in 
November. The biologies of the Costa Rican species 
are unknown. 


Tetraloniella^". Primarily holarctic; approximately 
40 species in North America, six in Costa Rica. 
Black with pale tergal bands and a moderately 
plumose scopa. They fly from October to January. 
Nests are unknown. 


Thygater. Neotropical; 25 species in two subgen- 
era; in Costa Rica there are six species in the nomi- 
nate subgenus: aethiops, analis, cockerelli, colombiana, 
crawfordi and montezuma. Moderate-sized to large, 
black bees; clypeus strongly protuberant; malar 
space wide; scopal hairs sparsely and. loosely 
plumose. Taxonomy: Urban (1967). Species tend to 
nest communally in embankments. 


Xenoglossa. North America south to northwestern 
Costa Rica: seven species, in Costa Rica only gabbii. 
Large black bee with the tergites (except the first) 
clothed in yellow-brown hair; ocelli enlarged. Like 
Peponapis, species are active in the early morning 
and are oligolectic on Cucurbita (Cucurbitaceae). 


ANTHOPHORINAE: Exomalopsini. This tribe is restricted 
to the New World with its greatest diversity in the 


Ancyloscelis. Southern United States south 
throughout the Neotropics; at least 15 species (half 
of them undescribed), three in Costa Rica: apiformis 
(= armatus) and two undescribed. These are 
recorded from the highlands and the Pacific side. 
Rather broad, flat, black bees, with narrow white 
hair bands on the tergites; head projecting forward, 


'tongue.rather long; female scopa on hind tibia and 


basitarsus large, densely plumose, black dorsally, 
white ventrally; male hind femur greatly swollen. 
Species are oligolectic on Ipomoea (Convolvulaceae) 
and fly from December through March. Nests of 
several species were described by Michener (1954, 
1974b) and Torchio (1974); nests are gregarious, 
in sloping ground or in vertical embankments 
(including adobe walls). 


Exomalopsis. Southwestern United States south 
through the Neotropics; seven subgenera, two in 
Costa Rica: Exomalopsis (9 species) and 
Megomalopsis (mellipes and an undetermined 
species). Black, sometimes appearing brown to 
yellow because of relatively dense hair; head very 
narrow in lateral view, mouthparts rather short; 
scopa large, dense, highly plumose, usually 
bicoloured. Taxonomy: Timberlake (1980). 
Biologies of the Costa Rican species are unknown 
but elsewhere species nest in soil. 


Monoeca. Neotropical; approximately ten species, 
two in Costa Rica. Black bees, with contrasting 
reddish metasoma in females; fore basitarsus with a 
comb on the inner side; females with stout, posteri- 
orly bent hairs on mesosternal region. Species 
collect oil from flowers of Malpighiaceae (Ayala, 
pers. comm.). Nests unknown. 


Paratetrapedia. Neotropical; over 50 species in 
seven subgenera; in Costa Rica there are 18 species 
in four subgenera: Lophopedia (8 species), 
Paratetrapedia (7), Tropidopedia (1) and Xanthopedia 
(2). Generally black but sometimes with a red meta- 
soma and occasionally with the body tan; fore 
basitarsus with a comb on the outer side. 
Taxonomy: Michener and Moure (1957). These bees 
collect oil from flowers. 


ANTHOPHORINAE: Osirini. This tribe is found in the 
Holarctic and Neotropical regions, two of the six 
genera are known from Costa Rica. Osirines are rare, 
slender, wasp-like bees. The females have very elon- 
gate stings and all are cleptoparasites. The genera 
were revised by Roig-Alsina (1989). 


Osiris. Neotropical; 20 species, 11 in Costa Rica. 
They are rarely encountered but they are appar- 
ently widespread throughout the country, except in 
montane areas. Predominantly yellow-green or 
brown, usually with dark scutal markings and black 
apical bands on the tergites. Taxonomy: Shanks 
(1986). Their hosts are unknown but suspected to 
be Paratetrapedia. 


Protosiris^". Costa Rica south through tropical 
South America; five species, of which only one rare, 
undescribed species occurs in Costa Rica at altitudes 
between 400 and 700 metres. Similar in appear- 
ance to larger Osiris. Taxonomy: Shanks (1986; as 
part of Osiris). 


ANTHOPHORINAE: Rhathymini. This tribe comprises a 
single genus, Rhathymus. They have paired tufts of 
apical hair on the labrum (as do Ericrocini) but the 
body is more elongate and not metallic, the tongue is 
very long, and the mid tibial spur is not modified. 
They are cleptoparasites. 


Rhathymus. Neotropical; at least five species, in 
Costa Rica two undescribed species. Both are rarely 
encountered. Moderate-sized to large bees, greenish 
yellow with clouded wings, or black with yellow 
wings. They are cleptoparasites of Epicharis. 


ANTHOPHORINAE: Tetrapediini. This tribe consists of 
two genera. Tetrapedia and Coelioxoides which has 
recently been transferred to the tribe (Roig-Alsina, 
1990). 


Coelioxoides. Neotropical; three species, in Costa 
Rica only the rare punctipennis. Elongate, slender, 
wasp-like bees with dark wings. Taxonomy: 
Roig-Alsina, 1990. Cleptoparasites, with hosts 
unknown. 


Tetrapedia. Neotropical. This genus has been 
divided into two subgenera. One species, belonging 


to T. (Tetrapedia), occurs in Costa Rica. Rather elon- 
gate, shiny, black bee with dark wings; mid and 
hind tibial spurs pectinate; scopa composed of long, 
dense, simple, apically-directed hairs. Species collect 
oil from flowers of Malpighiaceae and nest in holes 
in wood (Ayala, pers. comm.). 


XYLOCOPINAE 


This large subfamily is divided into three tribes: 
Allodapini (Old World), Ceratini (cosmopolitan) and 
Xylocopini (cosmopolitan). A phylogenetic analysis of 
the tribes is given by Sakagami and Michener (1987). 
Most xylocopine species nest in wood or stems. 


XYLOCOPINAE: Ceratini (‘small carpenter bees’). This 
tribe comprises four genera: Ceratina (cosmopolitan), 
Manuelia (Argentina and Chile), Megaceratina 
(Afrotropical) and Pithitis (Palaeotropical). The genus 
Manuelia appears to be the most primitive group in 
the subfamily, sharing many features with the 
Xylocopini (Daly et al., 1987). 


Ceratina. Cosmopolitan. In Costa Rica there are 24 
species in four subgenera. C. (Calloceratina) (6 
species) occurs mostly on the Pacific side of the 
country while C. (Crewella) is represented by one 
species in the Atlantic lowlands. C. (Ceratina) with 
12 species and C. (Zadontomerus) with five, are both 
widespread. Small to moderate-sized, dorso-ventrally 
flattened, weakly pubescent, dull to brilliant metal- 
lic; often with white or yellow facial marks; scopa 
consisting of dense plumose hairs on tibia but weak 
on basitarsus. These bees usually nest in cavities in 
stems or soft wood. The females sometimes prog- 
ressively feed offspring and there are varying 
degrees of co-operation among adults within the 
nest (Roubik, 1989). C. aff. rectangulife and C. ignara 
have been studied near San José (Michener & 
Eickwort, 1966). The latter was found provisioning 
its nest with pollen from Gomphrena dispersa 
(Amaranthaceae). 


XYLOCOPINAE: Xylocopini (‘large carpenter bees’). This 
tribe comprises three genera: Lestis (eastern Australia), 
Proxylocopa (arid parts of the southwestern 
Palaearctic) and Xylocopa (nearly cosmopolitan). In 
the Galapagos Islands X. darwini is the only bee 
present and may play a role in the establishment of 
immigrant plant species (Linsley et al., 1966). The 


common name of the group derives from the fact that 
most species nest in solid wood (except in Proxylocopa, 
which nest in the ground), sometimes causing struc- 
tural damage. 


Xylocopa. (Fig. 18.15). Cosmopolitan; about 700 
species, the majority in Africa and the Neotropics 
(Hurd, 1978a). In the New World there are about 
100 species in 17 subgenera, in Costa Rica 13 species 
in six subgenera. Large to very large, generally black 
or submetallic although the males of some species are 
yellow-brown; scopal hairs very dense and simple; 
dorsal surface of metasoma mostly bare. Species are 
often active very early in the morning. Some species 
have special abdominal pouches for carrying phoretic 
mites. Biology: Gerling et al. (1989). 

X. (Calloxylocopa). Only tenuata occurs in Costa 
Rica, where it is restricted to the highlands. 

X. (Megaxylocopa). Three species occur in Costa 
Rica: fimbriata (biology in Janzen, 1966b), 
frontalis and nautlana. Males are yellowish brown. 

X. (Neoxylocopa). Two species occur in Costa Rica: 
gualanensis (Sage, 1968; Frankie & Daly, 1983) 
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and an undetermined species. Males are yellowish 
brown. 

X. (Notoxylocopa). Only tabaniformis occurs in 
Costa Rica, where it is restricted to the highlands. 
Taxonomy: O’Brien and Hurd (1965). 

X. (Schoenherria). Five species occur in Costa 
Rica: barbatella (Wille, 1963), lateralis, muscaria, 
subvirescens and viridis. 

X. (Stenoxylocopa). Only strandi occurs in Costa 
Rica. Taxonomy: Hurd (1978b). Species excavate 
nests.in dead culms of bamboo and related plants, 
and the females have features on the mandibles 
that appear to be adapted for this habit (Hurd & 
Moure, 1960). 


EUGLOSSINAE (‘orchid bees’). 


This subfamily is confined to the Neotropics, with a 
cumulative range extending from Mexico to 
Argentina. The common name of these bees derives 
from the fact that males are pollinators of orchids 
from which they gather fragrances attractive to 
females. Euglossines are moderate-sized (8.5 mm 
long) to very large (29 mm long) bees; some are bril- 


Fig. 18.15. Xylocopa sp. (Xylocopinae). 


Fig. 18.16. Euglossa sp. (Euglossinae). 


liant, smooth metallic while others are very hairy 
and dark coloured with yellow hairs at the apex of 
the metasoma. The mouthparts (proboscis) are very 
long (reaching at least to the base of the metasoma). 
The relationships of the genera are discussed in 
Kimsey (19875) and a list of the 166 recognized 
species is given in Kimsey and Dressler (1986). 


The nests are either exposed (some species of 
Euglossa) or in pre-existing cavities in banks and tree 
trunks. They consist principally of brood cells since 
there are no storage cells or pots as in bumblebees 
and stingless bees. The nest is constructed of resin 
(Euglossa), resin mixed with bark fragments 
(Eufriesea), or mud with a thin layer of resin on the 


inner surface (Eulaema). Many are solitary, although 
some species of Eufriesea nest in aggregations (Myers 
& Loveless, 1976), and some species of Euglossa and 
perhaps all Eulaema regularly have several females 
per nest (Roberts & Dodson, 1967; Young, 1985; 
Eberhard, 1989). The nature of the interactions 
between these females is poorly understood, but thus 
far no examples of eusociality have been found in the 
subfamily. 

Male orchid bees often defend territories centered 
around a prominent tree trunk situated in a canopy 
gap (Kimsey, 1980b; Schemske & Lande, 1984). They 
alternate between perching on the tree trunk and 
making periodic forays to patrol the territory. During 
perching the male bee performs a series of buzzes with 
the wings, which appears to serve a thermoregulatory 
function (Stern & Dudley, 1991). Prior to establishing 
territories, males visit certain flowers in order to 
obtain ‘perfume’, although the exact role of these fra- 
grances is still unclear (Dressler, 1982; Williams & 
Whitten, 1983; Zimmerman & Madriñán, 1988). At 
least 55 genera and 625 species of neotropical orchids 
provide fragrances as their primary attractant and the 
flowers are often designed so as to place pollinia on 
specific locations on the body of the male orchid bees 
(Dodson, 1975; Dressler, 1981; Williams, 1982; 
Fig. 18.17). The same pollination syndrome is shown 
by a few Gesneriaceae, Araceae, and a few other 
plants (Buchmann, 1980; Williams & Dressler, 1976). 


About half of the 60 compounds contained in orchid 
bee fragrances have been identified (most are essential 
oils widely distributed in nature), and it appears that 
specificity is achieved not by species-specific compounds 
but rather by species-specific blends. After landing on 
the flower the male mops up fragrances with his front 
tarsi, and then while hovering transfers them to the 
mid basitarsi and then to the hind tibiae. The hind tibia 
has an elongate slit leading to a glandular pouch 
within, where the chemicals appear to be modified and 
passed to other parts of the body (Roberts et al., 1982). 
The fragrances could provide a means for a female to 
indirectly assess the quality of a potential mate, or the 
males might pass the chemicals to females during copu- 
lation (Roubik, 1989). 

With the discovery of artificial chemical baits for 
attracting males, these rapid and wary bees have 
become easier to study. Such baits have been used to 
study seasonality (Janzen et al., 1982; Ackerman, 
1983) and daily foraging patterns (Armbruster & 
McCormick, 1990) although future studies need to 
consider between-site differences in species composi- 
tion (Armbruster, 1993). Other aspects of orchid bee 
biology that have been studied include pollinator 
fidelity (Roubik & Ackerman, 1987) and grooming 
behaviour (Kimsey, 1984b). 


Eufriesea. About 52 species, 13 in Costa Rica. 
Many of these reach the northern limit of their 


Fig. 18.17. Euglossine bee showing the sites of attachment of the pollinia of various Costa Rican orchids (modified after 
Dressler, 1981); a) Notylia; b) Kefersteinia; c) Peristeria elata; d) Catasetum; e) Acineta; f) Cycnoches; g) Dressleria. 


Eufriesea sp. 


Orchid pollinia 


. chrysopyga 
. concava 

. duckei 

. mexicana 

. mussitans 
. purpurata 


Kegeliella atropilosa 
Sievekingia fimbriata 


Dressleria suavis 


helleri, Gongora sp. 
. schmidtiana 
. Superba 


. surinamensis Cypholoron sp. 


Polycycnis gratiosa, Stanhopea wardii, Acineta chrysantha, A. superba 


Sievekingia fimbriata, Trichopilia subulata 
Cynoches aureum, Coryanthes sp., Dressleria 


Stanhopea costaricensis, Coryanthes rodriguezii 
Cynoches pentadactylon, Sievekingia sp. 


Table 18.6. Records of orchid pollinia attached to males of Eufriesea species known from Costa Rica (from 


Kimsey, 1982). 


distribution in Costa Rica, although caerulescens and 
mexicana are at the southern limit of their distribu- 
tion here. Mostly metallic, though some have 
yellow and black hairs resembling Eulaema, but 
Eufriesea species have a metallic face without white 
markings; males with hind tibial slit long (reaching 
the apical margin); females lack a black scutellar 
tuft. Taxonomy: Kimsey (1977, 1982). Unlike other 
genera, many species appear to fly only during the 
rainy season (Ackerman, 1983). Males use orchids 
in the groups Catosetinae, Stanhopeinae and 
Zygopetalinae (see Table 18.6). 


Euglossa. Slightly over 100 species, of which 32 
(in the subgenera Euglossa, Euglossella, Glossura and 
Glossurella) occur in Costa Rica. Brilliant metallic, 
not densely hairy; labrum whitish with two dark 
oval spots (labrum totally dark in other euglos- 
sines); males with hind tibial slit short (not reaching 
the apex of the tibia); females with a black scutellar 
tuft. 


Eulaema. About 13 species in two subgenera 
(Apeulaema and Eulaema), ten species in Costa Rica. 
Black, hairy, with conspicuous patterns of yellow or 
orange hairs, and sometimes with limited metallic 
tints on the metasoma; face dark coloured, often 
with white markings; males with hind tibial slit 
long; females with black scutellar tufts. E. cingulata 
and E. polychroma have been found together in a 
mixed colony in Panama (Roubik, 1990). 


Exaerete. Six species, three in Costa Rica: dentata 
(rare), frontalis and smaragdina. Brilliant green; 


hind tibiae narrow. Taxonomy: Kimsey (1979). 
Cleptoparasites of Eufriesea and Eulaema. 


BOMBINAE (‘bumblebees’) 


The subfamily comprises about 250 species and is 
usually divided into two genera, Bombus and 
Psithyrus, although the former may be paraphyletic 
with respect to the latter (P.H. Williams, 1985). For 
biological reasons it is convenient to maintain these 
two genera (Michener, 1990), since all species of 
Psithyrus are social parasites. Bombines are medium- 
sized (9 mm long) to large (22 mm) hairy bees; the 
proboscis is shorter than in orchid bees (not reaching 
beyond the middle coxae). 

Bumblebees occur primarily in cool temperate parts 
of the Holarctic region, extending south to Tierra del 
Fuego, northern Africa, the Himalayas, the Philippines 
and the mountains of Java. In the New World Psithyrus 
reaches only as far south as Guatemala. In tropical 
regions in general, bumblebees are more common at 
mid to high elevations, except for B. atratus in Brazil, 
which occurs in lowland rainforests (Moure & 
Sakagami, 1962). In the Old World tropics bumblebees 
are totally absent from the lowlands, whereas in the 
Neotropics they are present, though less common than 
at higher altitudes (Michener, 1990). 

Except for the social parasites, all bumblebees are 
primitively eusocial. Individual queens establish nests 
in rodent burrows, cavities under or on vegetation, and 
similar situations. Recently established nests are highly 
vulnerable to usurpation by other bumblebees, usually 
of the same species, and in these conflicts the larger 
queen tends to prevail. The nest may or may not be 
covered by a thin layer of wax and pollen. The 'disten- 


Bumblebee 


Bombus (Fervidobombus) 
digressus 
mexicanus 
pullatus 
weisi i Rare; one Costa Rican record from 1500 m 


Bombus (Pyrobombus) ephippiatus 
Bombus (Robustobombus) volucelloides 


Status and distribution 


Rare; 1500-3300 m 
Fairly common; mostly 1000-1500 m 
Fairly common; below 1500 m 


Abundant; above 1500 m 
Locally common (in Amistad N.P.!); 500-2000 m 


Table 18.7. Abundance and distribution of Costa Rican bumblebees (Bombinae). 


1G. Chavarría, pers. comm. 


sible cells’ are unique among aculeates in that they are 
closed but grow with the growing larvae, commonly 
contain several eggs and later larvae, develop a sepa- 
rate bulge for each larva, and may become divided into 
several cells as the larvae mature (Katayama, 1989). 
The acquisition of distensible cells has enabled bumble- 
bees to adopt batched oviposition, resulting in the pro- 
duction of offspring in distinct cohorts. Larvae are fed 
progressively, either by food introduced through the 
tops of the cells or by food pressed in through pockets 
at the bases of the cells. After the larva spins its pupal 
cocoon the adult bees remove the pollen-wax cell mate- 
rial covering the cocoon and use it for new egg cells. 
Both honey and pollen are stored in pots separate from 
brood cells and these pots are often made of old 
cocoons, but may be entirely constructed by the bees. 

Bumblebees are frequently employed in studies of 
optimal foraging (e.g. Hodges, 1985; Harder, 1986), 
resource partitioning (e.g. Johnson, 1986) and 
mimicry (Plowright & Owen, 1980). More general 
information on the biology of bumblebees is given in 
Alford (1975), Heinrich (1976), Morse (1982) and 
Plowright and Laverty (1984). 


Bombus. This genus has been divided into various 
subgenera (e.g. 35 by Richards, 1968), although 
these subgenera are less distinct than those in other 
bee genera (Michener, 1990). The New World 
species were monographed by Milliron (1973) and a 
key to the species of Mexico and Central America is 
given in Labougle (1990). Six species are known to 
occur in Costa Rica (Table 18.7). 


MELIPONINAE ('stingless bees’) 


A primarily circumtropical subfamily which, in the 
New World, ranges from Mexico to southern Brazil 


and northern Argentina. They have achieved a level 
of eusociality comparable to that of honey-bees and 
are the dominant group of bees in lowland tropical 
rain forests, where they may occur at densities of up 
to 600 colonies per square kilometre (Roubik, 1989). 
The common name of the group derives from the fact 
that the sting is reduced and not exsertable. Despite 
their inability to sting, they are by no means defence- 
less. Some species swarm out of the nest to attack 
intruders—crawling into hair, ears, nose, eyes, etc.— 
and biting. 

Nests of most Costa Rican species have been 
described by Wille and Michener (1973) and by subse- 
quent authors (Roubik, 1983; Camargo & Roubik, 
1991). These are summarized in Table 18.8; nests are 
unknown for Melipona  yucatanica and: Trigona 
(Geotrigona) acapulconis. The most common nesting site 
is in cavities of tree trunks or large branches, although 
Plebeia tica utilizes smaller diameter (2-3 cm), hollow 
branches and lianas. Among those nesting in cavities 
in the ground, P. mirandula and Trigona buchwaldi some- 
times occupy abandoned mammal burrows (Wille, 
1966). Others construct completely or partly exposed 
nests, and these species tend to defend their nests more 
aggressively than do cavity-nesters. Partly exposed 
nests (e.g. those of Partamona cupira) are often situated 
in the bases of palm leaves, underneath clumps of epi- 
phytes, etc. Although many species occasionally utilize 
abandoned termite or ant nests (e.g. T. fuscipennis some- 
times uses cavities made by birds in termite nests), a 
few regularly excavate their own cavities in active 
nests: Plebeia latitarsis and Trigona ferricauda in exposed 
termite nests, Paratrigona peltata in aerial nests of 
Camponotus senex, and Nannotrigona mellaria in tree cav- 
ities containing aggressive ants (Wille & Michener, 
1973; Roubik, 1983). 


BATUMEN 


FOOD POTS 


BROOD CELLS 
(IN COMB) 


INVOLUCRUM 


Fig. 18.18. Schematic diagram of cross section of stingless bee nest inside hollow tree showing brood cells (arranged in combs) 


within the involucrum with food pots located above. 


The nests are constructed primarily of CERUMEN 
— a mixture of wax, which is secreted from the meta- 
somal tergites, and resins, which must be collected 
(Haueisen Freire & Gara, 1970). Resins are secreted 
by injured or diseased plants, although resin secretion 
occurs naturally in several tropical trees (e.g. 
Leguminosae), and a few plants produce floral resins. 
Some stingless bees, especially those building exposed 
nests, mix the resin with chewed leaf material, wood 
pulp (T. nigerrima), faeces or mud. Since most nests 
are concealed in cavities, usually only the entrance is 
readily observable. This nest entrance consists of a 
resinous tube, except in Plebeia tica, which utilizes 
such tiny holes that there is no need to narrow it 
with resin (however, an internal tube is present). In 
many species the entrance is so narrow that only one 


to four bees can occupy it at the same time, but in 
others it is larger (e.g. Lestrimellita, Nannotrigona, 
Partamona, Scaptotrigona and Trigona-Trigona). In 
some species the entrance tube projects from the sub- 
strate and this projecting tube varies not only in 
length and shape (Table 18.8), but also in rigidity, 
ornamentation, and thickness of the lip. In 
Nannotrigona, Plebeia mirandula, Trigona buchwaldi and 
T. dorsalis the tube is perforated. 

The nest covering is termed BATUMEN and usually 
consists of a single layer of resin and wax. Several 
layers are present in nests of Partamona and Trigona 
(Trigona), while batumen is absent in nests of 
Trigonisca. In exposed nests the batumen is thick all 
the way around (up to 24 cm thick in Trigona corvina, 
which incorporates mud). In cavity-nesters the 


Genus species 


Cephalotrigona 
capitata 
Lestrimelitta 
limao 
Melipona 
beecheii 
fasciata 
fuliginosa 
marginata 
Nannotrigona 
mellaria 
perilampoides 
Oxytrigona 
daemoniaca 
mellicolor 
Paratrigona 
opaca 
ornaticeps 
peltata 
Partamona 
cupira 
peckolti 
Plebeia (Nogueirapis) 
mirandula 
Plebeia (Plebeia) 
frontalis 
jatiformis 
tica 
Plebeia (Scaura) 
latitarsis 
Scaptotrigona 
luteipennis 
mexicana 
pectoralis 
postica 
wheeleri 
Trigona (Frieseomelitta) 
nigra 
Trigona (Geotrigona) 
leucogastra 
Trigona (Tetragona) 
dorsalis 
lurida 
perangulata 
Trigona (Tetragonisca) 
angustula 
buchwaldi 
Trigona (Trigona) 
cilipes 
corvina 


Nest site Entrance tube Involucrum 


ground, tree 
tree 


tree 
tree 
tree 
tree 


tree 
tree 


tree 
tree 


exp 
tree 
p-exp, exp 


p-exp 
exp 


ground 


iree 
tree 
tree 


tree 
tree 
tree 


tree 
tree 


tree 
ground 
roots, tree 
roots 


tree 


tree 
ground 


tree 
exposed 


Table 18.8. Continued opposite. 


ATR TS SU 


Brood cells 


Co, ICo, a 


Genus species Nest site 


ferricauda termite nests 
fulviventris tree 


fuscipennis tree 
necrophaga tree 


nigerrima exposed 

pallens tree 

silvestriana exposed 
Trigonisca 

atomaria tree 

buyssoni tree 


Entrance tube 


Involucrum Broodcells 


Table 18.8. Nests of Costa Rican stingless bees (modified from Wille & Michener, 1973). Nest sites: exp = 
exposed, p-exp = partly exposed, tree = in tree cavity. Entrance tube (projecting from substrate): O = absent, + = 
as long as or shorter than wide, ++ = longer than wide, C = cylindrical, F = funnel-shaped, I = irregular. 
Involucrum: O = absent, + = discontinuous, ++ = conspicuous and continuous. Storage pots (position in rela- 
tion to brood chamber, ignoring discrepancies due to unusual nest sites): A = above, D = dispersed (lacking dis- 
tinct brood chamber), S = at the side, R = all around, U = under (below). Brood cell arrangement: C = clusters, 
Co = combs, ICo = irregular combs, ISCo = irregular spiral combs, SCo = spiral combs. Brood cell production: 


a = asynchronously, s = synchronously. 


batumen usually consists of thick plates sealing off the 
top and bottom of the cavity (in Melipona these are 
made largely of mud), and a thin layer against the 
inner surface of the wood (Fig. 18.18). Within the 
batumen are storage pots and brood cells, which open 
upward and are supported by short pillars and con- 
nectives (these are very long in Partamona, Trigona ful- 
viventris and T. fuscipennis). The storage pots contain 
either honey or pollen, except in species of 
Lestrimelitta. These bees rob pollen and honey from 
other species, and transport a mixture of these nutri- 
ents back to their own nest in their crop, and then 
store it as a mixture. In most species the honey pots 
may be completely separated from the pollen pots (T. 
buchwaldi), partially separated (most species) or fully 
intermixed (Oxytrigona mellicolor, T. corvina, T. niger- 
rima and T. silvestriana). Storage pots are usually oval 
or subspherical in shape but are elongate in Trigona 
buchwaldi and Trigonisca. The heart of the nest is the 
brood chamber, which is commonly surrounded by an 
INVOLUCRUM. Within this chamber are the brood 
cells, which are smaller than the storage pots and are 
arranged in combs or clusters (Table 18.8). 

Brood cells are constructed asynchronously (i.e. 
successively—new cells in various stages of construc- 
tion) or synchronously (new cells in the same stage 
of construction), depending on the: species. 


Provisioning can also be asynchronous or synchro- 
nous, or a combination of the two (Sakagami, 1982). 
Cells are built by several ‘nursing’ workers (as 
opposed to one individual in Bombinae). These same 
workers regurgitate food, obtained from the storage 
pots, into the completed cell (unlike Apinae where 
the tasks of cell construction and provisioning are 
performed by different aged workers). Although the 
queen is present during cell construction her interac- 
tion with workers increases after the cell has been 
completed. Once it is provisioned the queen lays an 
egg and a worker then closes the cell. After the cell 
has been provisioned workers frequently lay unviable 
trophic eggs, which are eaten by the queen. In 
Lestrimelitta and Plebeia (Plebeia) worker egg-laying is 
not in conjunction with queen oviposition and such 
eggs are eaten by workers or the queen. Male-pro- 
ducing eggs are sometimes laid after oviposition by 
the queen but before the cell is capped. In most 
genera castes (queen versus worker) are determined 
trophically, and only a few queens are produced in 
special, large cells. Melipona is unique in that there 
appears to be a strong genetic component to caste 
determination, and numerous small queens (most of 
which are killed by the workers) are reared in cells 
that are identical to worker cells. After the larvae 
spin cocoons workers remove the surrounding cell 


—Large (8-14 mm in length); thorax and upper part of head densely hairy; wings relatively short, 
barely reaching apex of abdomen Melipona 


—Smaller (2-8 mm in length); thorax and upper head less hairy; wings reaching well beyond apex of abdomen. 


-Inner surface of hind tibia without depressed, smooth area along posterior edge, 
i.e. inner surface uniformly hairy (Fig. 18.19). 


—Hind tibia lacking corbicula (on outer surface); head shiny, without hair Lestrimelitta 
—Hind tibia with corbicula on outer surface; head not shiny, hirsute 
-Scutellum extending posteriorly over propodeum; [< 5 mm long]. 


—Posterior margin of scutellum emarginate, anterior margin with median, 
V-shaped depression (Fig. 18.22); thorax coarsely sculptured Nannotrigona 


—Posterior margin of scutellum rounded, anterior margin without median depression 
(Fig. 18.23); thorax finely punctate Paratrigona 


-Scutellum not extending beyond propodeum. 
—Anterior margin of scutellum with median depression (Fig. 18.24) Scaptotrigona 
—Anterior margin of scutellum without median depression (cf Fig. 18.23) 
—Base of propodeum hairy; hind tibia spoon-shaped; > 5 mm long Partamona 


—Base of propodeum glabrous; hind tibia not spoon-shaped; < 5mm 
Plebeia (Nogueirapis) 


-Inner surface of hind tibia with a very narrow, depressed smooth area along posterior margin (Fig. 18.20). 


—Outer surface of hind basitarsus very convex, bulbous (Fig. 18.25); face without yellow 
markings Plebeia (Scaura) 


—Outer surface of hind basitarsus not markedly swollen; face with yellow markings Plebeia (Plebeia) 


—Inner surface of hind tibia with a broad, depressed smooth area along posterior margin, 
distinct from raised hairy area (Fig. 18.21) 


—Posterior margin of hind tibia without branched hairs 
—Fore wing with vein Rs strongly curved basally (Fig. 18.28); 2-4 mm in length Trigonisca 
—Fore wing with vein Rs not strongly curved basally (Fig. 18.29); 4-9 mm in length 


—Base of propodeum hairy; head with occipital carina (Fig. 18.30); mesosoma 
usually black Cephalotrigona 


—Base of propodeum glabrous; head without occipital carina; mesosoma usually 
orange Oxytrigona 


TRUM margin of hind tibia with simple and branched hairs 


Table 18.9. Continued opposite. 


In ADA S pointed teeth (Cig 18-31) isise iie a ei Trigona (Trigona) 


—Mandible with only two distinct pointed teeth (Fig. 18.32) 


—Body with at least some orange color 


—Basal inner surface of hind basitarsus with velvety hairless area 


(Fig. 18.26) 


—Basal inner surface of hind basitarsus hairy (Fig. 18.27) 


—Body entirely black 


Trigona (Tetragonisca) 


Trigona (Tetragona) 


—Upper face with sparse, long pale hairs; metasoma with white hairs 


basally 


Trigona (Geotrigona) 


—Upper face without long pale hairs; metasoma without white hairs 


basally 


Trigona (Frieseomelitta) 


Table 18.9. Simple diagnostic characteristics of the genera and subgenera of stingless bees (Meliponinae) 


occurring in Costa Rica. 


wall so that the cocoons are exposed, and when adult 
bees emerge, space becomes available for construc- 
tion of new brood cells. Thus, there are often two 
advancing fronts of cells—one on the top comb and 
the other at the emptied space at the bottom. 

Each adult worker bee passes through four stages 
as it ages: callow, ‘nursing’ (discussed above), ‘house- 
hold’ (receiving nectar, removing wastes, etc.) and 
forager. The secretion and manipulation of wax are 
not confined to the household stage (as in honey- 
bees), but begins very early. Flight and foraging begins 
later than in honey-bees. Stingless bees are general- 
ized flower visitors and different species appear to par- 
tition food resources via different foraging strategies 
based on: presence or absence of recruitment, solitary 
versus group foraging, and aggressiveness (Johnson & 
Hubbell, 1974, 1975; Hubbell & Johnson, 1977, 
1978; L.K. Johnson, 1980, 1981, 1983; Johnson et 
al., 1987). Small meliponines (with the exception of 
Plebeia mirandula) usually show little capacity for 
recruitment and tend to forage solitarily on scattered 
resources, whereas many of the larger species are 
capable of following a trail of odour droplets deposited 
on the vegetation by another member of the colony— 
e.g. in Cephalotrigona, Lestrimelitta, Oxytrigona, 
Scaptotrigona, and Trigona (subgenera Tetragona and 
Trigona). These recruitment pheromones (which may 
serve as alarm pheromones at higher concentrations) 
are secreted by the mandibular glands (Roubik, 
1989). For example, T. fulviventris normally forages 


solitarily, but can quickly recruit hundreds of workers 
to a concentrated resource. T. silvestriana is another 
facultative group forager but shows a marauding 
behaviour apparently adapted to localized resources 
that are quickly depleted. Persistent group foragers 
such as Scaptotrigona pectoralis and T. fuscipennis are 
slower in discovering a resource, but once discovered 
they recruit rapidly, and aggressively defend it against 
other bees. However, these foraging patterns may vary 
somewhat, depending on the distance of the food 
source from the nest. In addition to flowers, species of 
Oxytrigona and Trigona sometimes collect honeydew 
from Homoptera. Species of the Trigona hypogea group, 
which includes T. necrophaga, are obligate necrophages 
that utilize pheromone trails to recruit foragers to 
carrion (Camargo & Roubik, 1991). 

As in honey-bees, colony multiplication occurs via 
swarming. Unlike honey-bees the process is gradual, 
being initiated by a group of workers that searches for 
a new nest site (Wille € Orozco, 1974). Once a site 
has been selected nest construction begins and even- 
tually honey is brought from the mother colony 
(pollen is usually freshly collected). After the new nest 
has been provisioned, a small group of workers 
departs from the mother colony with a virgin queen. 
At the new nest site (or at the mother nest in the case 
of supersedure), the virgin queen makes a nuptial 
flight, mates (apparently with just one male in most 
cases, unlike honey-bees), loses her flight capability 
and begins ovipositing. 


Figs 18.19-18.27. Meliponinae. Figs 18.19-18.21. Hind left leg posterior view; 18.19, Scaptotrigona sp.; 18.20, Plebeia 
(Plebeia) sp.; 18.21, Trigona sp. Figs 18.22-18.24. Scutellum, dorsal; 18.22, Nannotrigona sp.; 18.23, Paratrigona sp.; 18.24, 
Scaptotrigona sp. Figs 18.25-18.27. Hind left leg, posterior view; 18.25, Plebeia (Scaura) sp.; 18.26, Trigona (Tetragonisca) sp.; 
18.27, Trigona (Tetragona) sp. 


30 


32 


Figs 18.28-18.32. Meliponinae. Figs 18.28-18.29. Fore wing; 18.28, Trigonisca sp.; 18.29, Cephalotrigona sp. Fig. 18.30. 
Head, dorsal, Cephalotrigona sp. Figs 18.31-18.32. Mandible; 18.31, Trigona (Trigona) sp.; 18.32, Trigona (Tetragona) sp. 


More information on the biology of stingless bees is 
provided by Schwarz (1948), Wille (1961, 1983), 
Camargo (1970), Wille and Michener (1973), 
Sakagami (1982) and Roubik (1989). 

The number of recognized genera of Meliponinae 
has varied considerably. Wille (1979b) recognized 8 
genera, all of the Central American species being 
placed in Lestrimelitta, Melipona or Trigona. On the 
other hand Camargo (1989), following earlier work of 
Moure, recognized about 50 genera. Here, we follow 
the classification of Michener (1990), who recognized 
21 genera—the pantropical Trigona, 9 palaeotropical 
genera and 11 neotropical genera. Of the 12 genera 
occurring in the Neotropics, only Trichotrigona is 
absent from Central America. The genera and subgen- 
era occurring in Costa Rica can be identified by using 
the key provided in Table 18.9. In addition to these 
11 genera, a new genus is being described by Roubik, 
Camargo and Lobo for a new species that occurs at 
mid altitude sites (1500-2000 m) in Costa Rica and 
Panama. A key to the species of stingless bees of 
Panama is given by Roubik (1992). 


Cephalotrigona. Three species, in Costa Rica only 
capitata (subspecies zexmeniae). 


Lestrimelitta. Possibly ten species, most of which 
are undescribed (Michener, 1990); two species 
occur in Costa Rica. Although the name limao has 
traditionally been used, this species is probably 
restricted to Brazil (Ayala, pers. comm.). All are 
‘robber’ bees, that is, workers do not forage except 
in nests of other stingless bees (especially 
species of Nannotrigona, Paratrigona, Plebeia and 
Scaptotrigona). 


Melipona. About 40 species, five in Costa Rica: 
beecheii, fasciata (the true fasciata may be restricted 
to Mexico; Ayala, pers. comm.), fuliginosa (= 
flavipennis), marginata, and yucatanica. Two pairs of 
sister species show mutually exclusive distributions 
in Panama and Costa Rica: beecheii occurs in Costa 
Rica but not in Panama while the closely related 
compressipes occurs in Panama but not in Costa 
Rica, and the same pattern is shown by yucatanica 
and favosa (Camargo et al., 1988). Taxonomy and 
biology of the Costa Rican species: Wille (1976; 
what he calls fulvipes is actually yucatanica, see 
Camargo et al., 1988). Nests of fuliginosa are made 
of seeds and resin of Vismia (Clusiaceae) (Roubik, 
1983). 


Nannotrigona. Nine species, two in Costa Rica: 
mellaria and perilampoides (both have been classified 
as subspecies of testaceicornis). 


Oxytrigona. About eight species, two in Costa 
Rica: daemoniaca (southeastern part of the country) 
and mellicolor (both have been classified as sub- 
species of tataira). These species are sometimes 
called ‘fire bees’, for their very caustic bites, which 
can cause long-lasting blisters (Bian et al., 1984; 
Roubik et al., 1987). 


Paratrigona (= Aparatrigona). About a dozen species, 
three in Costa Rica: opaca (including subspecies 
guatemalensis and opaca), ornaticeps and peltata. 


Partamona. About 16 species, three in Costa Rica: 
cupira, grandipennis and peckolti (= testacea musarum). 


Plebeia. This genus is divided into four subgenera, 
three of which occur in Costa Rica. The 
monotypic subgenus P. (Schwarziana) is 
restricted to Brazil, Paraguay, and northern 
Argentina. 

P. (Nogueirapis). Costa Rica to Bolivia; three 
species, in Costa Rica only mirandula. Taxonomy: 
Wille (1962). Biology: Wille (1964, 1966). 

P. (Plebeia). About 30 species, six in Costa Rica: 
frontalis, jatiformis, tica (Wille, 1969) and three 
undescribed species. 

P. (Scaura). Four species, in Costa Rica only 
latitarsis. 


Scaptotrigona. About two dozen species, five in 
Costa Rica: luteipennis, mexicana (= pachysoma; 
Ayala, in press), pectoralis, postica and wheeleri. 


Trigona. (Fig. 18.01). This is the largest and most 
widely distributed meliponine genus. It occurs both 
in the Neotropics and in the Palaeotropical region 
from India to Australia. It is divided into ten sub- 
genera, of which four are palaeotropical and six 
neotropical. Five of the latter occur in Central 
America; only T. (Duckeola) is absent. It should be 
noted that the first four subgenera listed below have 
often been combined in the subgenus Tetragona (e.g. 
Wille & Michener, 1973). 

T. (Frieseomelitta). About 10 species, in Costa 

Rica only nigra. 


s (Apidae) —— 


T. (Geotrigona). About ten species, two in Costa 
Rica: acapulconis and leucogastra. 

T. (Tetragona). About 13 species, three in Costa 
Rica: dorsalis, lurida (placed in a separate subgenus, 
Ptilotrigona, by Roubik, 1992) and perangulata. 

T. (Tetragonisca). About four species, two in Costa 
Rica: angustula (= jaty) and buchwaldi. Biology: 
Wille (1966). 

T. (Trigona). About 30 species, nine in Costa Rica: 
cilipes, corvina, ferricauda, fulviventris, fuscipennis, 
necrophaga, nigerrima, pallens and silvestriana. 
Taxonomy and biology: Wille (1965), Camargo 
and Roubik (1991). Biology: Johnson and 
Hubbell (1975), Wille and Orozco (1974), L.K. 
Johnson (1981). 


Trigonisca. Sometimes treated as a subgenus of the 
Old World genus Hypotrigona; about 17 species, five 
in Costa Rica: atomaria, buyssoni, discolor, rhodopta 
and schulthessi. T. buyssoni is actually a Peruvian 
species, but the name has generally been used in a 
broader sense, thus including various undescribed 
species (Ayala, in press). 


APINAE (‘honey-bees’) 


This subfamily comprises one genus, Apis, which has 
been traditionally regarded as containing just four 
species (Ruttner, 1988), although there may be at 
least nine species (Michener, 1990). The group is 
endemic to the Old World tropics, but one species, A. 
mellifera, has been domesticated and moved through- 
out the world. It was brought to the New World in 
the 16th century by the Spanish and Portuguese 
colonists from Europe. Recently, a new race was intro- 
duced, resulting in the ‘Africanization’ of virtually all 
honey-bees in the Neotropics (see Chapter 3.1, ‘killer 
bees’). These Africanized honey-bees can readily 
survive in feral colonies. 

Like stingless bees, honey-bees are highly eusocial. 
Nests are exposed or in cavities, and are made pri- 
marily of wax secreted by the sternal wax glands of 
workers. The cells are more or less horizontal, 
forming vertical combs of two layers of cells that open 
in opposite directions. The larvae are fed progressively 
and the cells are not closed until the larval develop- 
ment is completed. Brood cells and storage cells are 
similar; queen-producing cells tend to hang from 
brood combs. Recruitment to a food source occurs via 


the well known WAGGLE DANCE (Frisch, 1967; 


Lindauer, 1967; Kirchner & Sommer, 1992; 
Michelsen et al., 1992; Seeley & Towne, 1992; see 
also Chapter 2.6). 

The honey-bee, Apis mellifera, is one of the most 
intensively investigated of all insects. Detailed studies 


NOTE ADDED IN PROOF 


Costa Rica has been the focus of considerable atten- 
tion by mellitologists, yet much remains to be learned 
about its bee fauna, as evidenced by the very recent 
discovery of two additional genera, Chlerogella and 
Diadasia. These additions bring the generic count for 
Costa Rica to 97. 


HALICTINAE: Augochlorini 


Chlerogella. This rare genus, previously only known 
from Panama and Peru, comprises three described 
species. One occurs in Costa Rica. Small slender 
bees with a red metasoma; no other Costa Rican bee 
such an elongate head — the malar space fully 
three times as long as broad. Males of this genus 


have been made of adult and larval morphology 
(Snodgrass, 1956; Torchio & Torchio, 1975), foraging 
behaviour (Calderone & Page, 1992; Oldroyd et al., 
1992; Greggers & Menzel, 1993) and other aspects of 
its biology (summaries are provided by Seeley, 1985 
and Winston, 1987). 


remain unknown and nothing is known of its 
nesting habits. 


ANTHOPHORINAE: Emphorini 


Diadasia. New World, predominantly in temperate 
regions and approximately 30 species in North 
America. Diadasia (Dasiapis) olivacea has been found 
near the coast in the extreme north west of Guanacaste 
Province. Black bees with cream-coloured clypeus 
(males) and mandibles (both sexes); metasoma obscured 
by dense, appressed ochre pile; fore tibia of female with 
dense ventral brush of long plumose hairs. Known 
species nest gregariously in flat or gently sloping 
ground; a turret is formed over the nest entrance. 


The following short glossary is intended only to clarify a number of the more unusual 
terms used in the text. The majority of morphological terms used are explained in 
Chapter 4. 


Aculeate 


Adelphoparasitism 


Alates 


Beltian bodies 


Alecithal 


Androphores 


Apocritan 


Aphidophagous 
Aposematic 


Apterous 
Arrhenotoky 


Brachypterous 
Cecidogenic 


Colony 


A Hymenopteran belonging to the superfamilies 
Chrysidoidea, Vespoidea or Apoidea, groups 
which are characterized by having the ovipositor 
modified into a sting or aculeus. 

= Heteronomous hyperparasitism (qv). 

The winged males and young potentially repro- 
ductive females of ants. 

Specialized structures on the tips of leaflets of 
myrmecophytic acacias that serve as food for 
Pseudomyrmex plant-ants. 

—of an egg. Without substantial yolk to nourish 
the embryo. Consequently alecithal eggs must 
obtain nourishment from the outside for embry- 
ological development to proceed. 

Asexual female cynipines which lay only male 
eggs. 

A member of the suborder Apocrita, the major 
lineage of Hymenoptera characterized by having 
segment 1 of the abdomen fused with the reduced 
metathorax and a flexible waist between this and 
the first segment of the apparent abdomen (here 
called the metasoma). 

Feeding upon aphids (Homoptera: Aphidoidea). 
—of a colour pattern. A bright or vivid pattern 
that serves to warn a potential predator or 
aggressor of the distasteful/dangerous nature of 
the bearer. 

Without wings. 

A form of parthenogenesis whereby unfertilized 
eggs develop into haploid males; the normal 
mechanism of male. production in. the 
Hymenoptera. 

With tiny non-functional wings, which frequently 
have extremely reduced venation. 

Gall causing. Instigating physiological changes in 
plant tissue which result in gall formation. 

(of ants) A genetically defined unit composed of 
the ants themselves, one or more queens and 
their descendants, functioning as a family unit, 


Deuterotoky 


Eclosion 
Ectoparasitoid 
Ectophagous 
Edentate 
Emarginate 
Endoparasitoid 
Endophagous 
Endophytic 
Exophytic 
Folivore 


Fossorial 
Gondwanic 


Gongylidia 
Gynephores 
Hemizygote 


Heterogyny 


Heteronomous 


hyperparasitism 


Hyperparasitoid 


Hypogaeic 
Idiobiont 


and maintaining their identity with respect to 
other such units. 

A form of parthenogenesis whereby unmated 
females may produce both male and female 
offspring. 

—of an egg. Hatching. 

A parasitoid (qv) that feeds externally on its host. 
Feeding on the outside, of, for example, a host 
larva. 

Without teeth. 

With a distinct notch. 

A parasitoid (qv) that feeds internally within a 
host organism. 

—of a parasitoid. Feeding within a host larva. 
Feeding in concealment within plant tissue. 
Feeding in a more or less exposed situation exter- 
nally on plant tissue. 

An organism that consumes leaves. 

Adapted for digging in the earth 

A distribution pattern believed to have been 
centred on the ancient southern supercontinent 
of Gondwanaland, and to have become disjunct 
with the breakup of this land mass. Typically 
gondwanic groups (such as the thynnine tiphiids) 
are currently more or less restricted to South 
America and Australia. 

The specialized swollen hyphae of a mutualistic 
fungus used as food by fungus-growing ants. 
Asexual female cynipines which lay only female 
eggs. 

A normal male hymenopteran, i.e. one with a 
haploid chromosome compliment. 

Alternation of generations (in the Cynipini) 
where a bisexual generation comprising males 
and females gives rise to a female-only genera- 
tion. ' 

A form of hyperparasitism, found in some members 
of the family Aphelinidae, where the males 
develop as parasitoids of the larva of primary para- 
sitic females of their own species. 

A parasitoid that develops by feeding on or within 
another parasitoid; strictly one that develops 
whilst the primary parasitoid is still developing on 
the primary host (see also pseudohyperparasitoid). 
Living underground. 

A parasitoid (qv) that feeds as a larva on a host 
that has been immobilized and developmentally 
arrested by the female parent prior to oviposition. 


Immunodefensive 
system 


Intermediate host 


Kairomone 


Koinobiont 


Malaxation 


Monobasic 
Monogynous 
Monomorphic 


Muüllerian bodies 


Multilocular 
Multiparasitism 


Myrmecophytes 


Nuptial flight 


Orthandrous 


Parasitoid 


Planidium 


Of a host, the cellular and/or physiological systems 
responsible for encapsulating and destroying 
foreign bodies within the haemocoel. 

The host used by the first instar of some para- 
sitoids (e.g. Trigonalyidae) that do not oviposit 
directly on the definitive hosts. 

A chemical substance produced by one organism 
that evokes a response in another species of organ- 
ism, and is adaptively favourable to the receiver 
but not the transmitter. 

A parasitoid (qv) that feeds as a larva on or 
within a host which continues development after 
parasitization. 

The act of ‘kneading’ a host or prey organism 
by applying repeated pressure with the 
mandibles, but not piercing the cuticle. Mala- 
xation of paralysed arthropod hosts is practicized 
particularly by many solitary aculeates, such as 
Tiphiidae. 

A taxon that includes only a single species. 

—of an ant colony. With a single egg-laying 
female or queen 

—literally, of one form. Used in ant literature to 
describe a situation where workers are all of 
virtually the same size and shape. 

Small structures in the hollow stems of certain 
myrmecophytes (qv), derived from specialized 
patches of trichomes (trichilia) at the base of 
each petiole, which serve as food for associated 
plant-ants. 

A gall containing several chambers, each of 
which houses a cynipid larva. 

A form of superparasitism (qv) involving more 
than one species of parasitoid. 

= ant plants. Plants such as Cecropia spp., that 
are regularly inhabited by one or more species of 
ants (the plant-ants qv). 

The mating flight of ants, where alates (qv) leave 
the nest and unmated females fly high pursued 
by males that attempt to copulate with them. 
—of sawflies and woodwasps. With the male gen- 
italia in the normal orientation, not rotated (cf. 
strophandrous). 

An organism which develops on or in another, 
single (host) organism, extracts nourishment 
from it, and kills it as a direct or indirect result of 
that development. 

A minute, fusiform, ventrally flattened first instar 
larva, that is usually quite well sclerotized and 


Plant-ants 
Polydomous 


Polyembryony 
Polygynous 


Polymorphic 


Polyphagous 


Pro-ovigenic 


Pseudohyperparasitoid 


Pseudoparasitized 


‘Pseudoparasitoid’ 


Reniform 
Spiniform 
Strophandrous 
Superparasitism 


Synovigenic 


Teratocyte 


Thelytoky 


active. It generally seeks out and attaches itself to 
a host or an organism likely to contact the host 
Species of ants that live in myrmecophytes (qv). 
—of ant species. With a single colony (qv) occu- 
pying two of more discrete nests. 

The development of multiple embryos and thus 
larvae, from a single egg. 

—of an ant colony. With more than one egg- 
laying female or queen. 

—literally, with many forms. Used in ant litera- 
ture to describe the situation where different sized 
workers (such as majors and minors) occur in a 
single colony. 

Using a wide range of items as food; of a para- 
sitoid having a host range that usually embraces 
several orders or many families 

Emerging from the pupa with a full complement 
of more or less mature eggs in the oviducts, and 
failing to develop more eggs to maturity subse- 
quently. 

A parasitoid that attacks another parasitoid after 
the primary parasitoid has completed the destruc- 
tion of its own (primary) hosts. 

The condition of a host when it has been stung 
and envenomated by certain parasitoids (esp. che- 
lonine braconids), yet does not contain a develop- 
ing parasitoid (Jones, 1985). Pseudoparasitized 
hosts may fail to develop normally. 

A hymenopteran which is evolutionarily derived 
from typical parasitoids, but feeds on several 
hosts in close proximity, such as a series of eggs 
in a cocooned egg-mass or several cecidomyiid 
larvae in a seed pod. This term is best avoided 
(e.g. by use of term predator) as confusion can 
arise with pseudoparasitized (qv). 

Kidney-shaped 

Shaped like a sharp spine. 

—of sawflies. With the male genitalia rotated 
180° prior to eclosion (cf orthandrous). 

The allocation of one or more eggs to a previ- 
ously parasitized host. 

Developing a number of eggs successively to 
maturity throughout life. At any one time syn- 
ovigenic females will only have a few mature 
eggs in the oviduct. 

A dissociated cell, usually of the trophamnion 
(qv), that lives within the host haemocoel. 

A form of parthenogenesis whereby diploid 
females are produced from unfertilized eggs. 


Thylacium 


Trophamnion 


Unilocular 


Venoms 


A sac composed of the cast exuviae of an ectopar- 
asitic hymenopteran larva; these are characteris- 
tic of dryinids and can often be seen projecting 
from between the abdominal segments of 
homopteran hosts. Thylacia are also produced by 
larvae of a few other hymenopteran families. 

The layer of cells surrounding the developing 
embryo of certain endoparasitoids which takes in 
nutrients from the host’s haemolymph to nourish 
the developing parasitoid. 

A cynipid gall that contains a single larval 
chamber. 

Fluid secretions from glands associated with the 
female reproductive tract; these substances are 
injected into hosts or potential enemies via the 
ovipositor. 


The references included here have, where possible, been checked to original source. In 
less than 0.5 percent of the cases this was not possible and in these instances the refer- 
ence was checked against a secondary source. In some cases dates of publication given 
on the journal or book differ from the actual publication date, which here follows the 
printed date in parentheses. 
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The following list contains only genera and suprageneric classificatory categories. Where reference has been made in the text to 
“pimplines” or pompilids or similar informal categories, these have been indexed under the formal name (i.e. as Pimplinae or 
Pompilidae). Throughout indexing has been done to the most precise taxonomic level given, thus references to Ablerus 
(Aphelinidae) are indexed under the generic name and not also indexed under Aphelinidae. Principal references are given in 


bold; extinct taxa are denoted by *. 


Ablerus (Aphelinidae) 283-4, 286, 
289 

Abzaria (Ichneumonidae) 418 

Acacia (Leguminosae) 254, 256, 355, 
368, 598-600, 609 

Acaena (Rosaceae) 158 

Acaenacis (Pteromalidae) 366 

Acaenitinae 18, 397, 409 

Acanaloniidae 503 

Acanthaceae 461 

Acanthaegilips (Figitidae) 260 

Acantheucoela (Figitidae) 263 

Acanthochalcis (Chalcididae) 296 

Acanthoctenidae 524, 533 


Acanthognathus (Formicidae) 593, 608, 


614 
Acantholyda (Pamphiliidae) 159 
Acanthoponera (Formicidae) 603 
Acanthopria (Diapriidae) 228 
Acanthorhogas (Braconidae) 453 
Acanthoscelides (Bruchidae) 96, 438 
Acanthoscelio (Scelionidae) 238 
Acanthoserphus (Proctotrupidae) 247 
Acanthostichus (Formicidae) 601 
Acari 83—5, 266, 568 
Acariformes 39 
Acerastes (Ichneumonidae) 416 
Aceratoneuromyia (Eulophidae) 95, 97 
Acerophagoides (Encyrtidae) 302, 308 
Acerophagus (Encyrtidae) 302, 308 
Acerotella (Platygastridae) 245 
Aceroteta (Platygastridae) 245 
Aceuratoneuromyia (Eulophidae) 
318-19, 327, 328 
Achilidae 491 
Achrysocharoides (Eulophidae) 317, 
324 
Acidiophorini 174 
Aclerdidae 302, 
Aclista (Diapriidae) 226 
Acmopolynema (Mymaridae) 346-7, 
348 
Acordulecera (Pergidae) 170, 171 
Acordulecerinae 171 
Acorduloceridea (Pergidae) 171 
Acrias (Eulophidae) 325 
Acrididae 346, 637, 639-40 
Acridoidea 238 


Acrisis (Braconidae) 461 

Acroaspidia (Encyrtidae) 302, 308 

Acrogymnia (Argidae) 19, 159, 166, 
167 

Acrolytina 50 

Acromyrmex (Formicidae) 25, 37, 84, 
90, 228, 595, 600, 612 

Acrophasmus (Braconidae) 453 

Acropyga (Formicidae) 620 

Acrotaphus (Ichneumonidae) 395, 
429 

Aculeata 5, 12, 40, 67-8, 141-2 

Adelencyrtus (Encyrtidae) 302, 308 

Adelgidae 448 

Adeliinae 431, 440, 446, 447 

Adelius (Braconidae) 447 

Adelognathinae 392-3 

Adelognathus (Ichneumonidae) 393 

Adelomyrmex (Formicidae) 608, 616 

Adelphe (Chrysididae) 482, 486 

Adiaclema (Tenthredinidae) 175 

Aenasius (Encyrtidae) 302, 308 

Aenictinae 593 

Aepocerus (Agaonidae) 278-9, 281 

Aeschnidae 238 

Aetalionidae 577, 592 

AGAONIDAE 3, 14, 25, 28, 35, 40, 
123, 144—5, 155, 267-8, 
273-82, 380 

Agaoninae 25, 34—5, 268, 273-82, 
377 

Agapostemon (Apidae) 654, 668 

Agapostemonini 665, 668 

Agapostemonoides (Apidae) 19, 668-9 

Agaricaceae 595 

Agaricus (Agaricaceae) 595 

Agarwalencyrtus (Encyrtidae) 302-3, 
308 

Agathidinae 24, 434, 436, 439, 446, 
447-8 

Agathis (Braconidae) 97, 438, 448 

Agave (Agavaceae) 7 


Agelaia (Vespidae) 69, 73, 86, 99, 191, 


344, 531, 576-81, 585, 629 
Agelenidae 524, 535 
Agelenopsis (Agelenidae) 531 
Ageniaspis (Encyrtidae) 303, 305, 308 
Ageniella (Pompilidae) 524, 531-2 


Ageniellini 526, 531-3 

Agenioideus (Pompilidae) 534, 538 

Aglaomelissa (Apidae) 19, 657, 675 

Agonocryptus (Ichneumonidae) 416 

Agriotypinae 144, 389-90, 392 

Agromyzidae 56, 97, 228, 262, 316, 
325-6, 357, 365-7, 369, 377, 
448, 460 

Agrostocynips (Figitidae) 263 

Agrypon (Ichneumonidae) 409 

Aivalykus (Braconidae) 453 

Akapalinae 310-11 

Alabagrus (Braconidae) 97, 438, 448 

Alabama (Noctuidae) 386 

Alachua (Eulophidae) 84, 324 

Alaptinae 345 

Alaptus (Mymaridae) 346, 348 

Aleiodes (Braconidae) 97, 437-8, 462 

Aleurocanthus (Aleyrodidae) 95, 96, 
285 

Aleuroctonus (Eulophidae) 324 

Aleurodicinae 324-5 

Aleurodicus (Aleyrodidae) 289 

Aleurus (Tiphiidae) 21, 517, 521 

Aleyrodidae 94-6, 242, 245, 283, 
302, 324, 370-2 

Aleyrodinae 325 

Alinia (Sphecidae) 640 

Aliolus (Braconidae) 455 

Allantinae 173, 174 

Allantini 174 

Allaporus (Pompilidae) 533 

Alleculidae 85 

Allobracon (Braconidae) 456 

Allocoeliini 479-80 

Allodapini 653 

Allodorus (Braconidae) 455 

Alloea (Braconidae) 448 

Allorhogas (Braconidae) 35, 342, 432, 
452 

Allotropa (Platygastridae) 242-3, 243 

Alloxysta (Figitidae) 261, 262 

Alphomelon (Braconidae) 460 

Alticornis (Pteromalidae) 366 

Alysia (Braconidae) 433, 448 

Alysiata (Braconidae) 448 

Alysiinae 20, 26, 53, 433, 435-6, 
439, 446-7, 448 


870 ^ .. 


Alysiini 448 

Alyssonini 636 

Amaurobiidae 524, 535 

Amblyaspis (Platygastridae) 245 

Amblyopone (Formicidae) 601 

Ambositrinae 223-4, 227 

Ameromyzobia (Encyrtidae) 302, 308 

Ametastegia (Tenthredinidae) 18, 159, 
173, 174 

Amisega (Chrysididae) 482, 486 

Amiseginae 464, 479—80, 482, 486, 

Amitus (Platygastridae) 243, 245 

Ammonoencyrtus (Encyrtidae) 302, 308 

Ammophila (Sphecidae) 87, 623, 
626-9, 635, 637 

Ammophilini 623, 626, 630, 636, 
637-8 

Ammopsen (Sphecidae) 638 

Amotura (Pteromalidae) 362, 363 

Amphibulus (Ichneumonidae) 416 

Ampulex (Sphecidae) 629, 637 

Ampulicinae 145, 622-3, 626-7, 628, 
636 

Ampulicini 630, 636 

Ampulicomorpha (Embolemidae) 490-1, 
492 

Amylostereum (Fungi) 37 

Anacardiaceae 379 

Anacharis (Figitidae) 260, 261 

Anacharitinae 247, 260-1 

Anacrabro (Sphecidae) 626, 640, 641 

Anadelphe (Chrysididae) 486 

Anadiplosis (Cecidomyiidae) 375 

Anagrus (Mymaridae) 96—7, 346-7, 
349 

Anagyroidea (Mymaridae) 348 

Anagyrus (Encyrtidae) 302-7, 308 

Anaphes (Mymaridae) 346-7, 349 

Anastatus (Eupelmidae) 332, 335 

Anastelgis (Ichneumonidae) 429 

Anastrepha (Tephritidae) 97, 224, 
318-19, 438 

Anathulea (Pergidae) 170, 171 

ANAXYELIDAE 13-14, 138-40, 142, 
145, 159 

Ancistroceroides (Vespidae) 566-7, 569, 
573 

Ancistrocerus (Vespidae) 567, 569, 573 

Ancistromma (Sphecidae) 639 

Ancyloscelis (Apidae) 655, 676 

Andira (Leguminosae) 455 

Andrena (Apidae) 653, 657, 670 

Andreninae 544, 651-3, 655-6, 660, 
670 

Andricus (Cynipidae) 256 

Anicetus (Encyrtidae) 302, 308 

Anidarnes (Agaonidae) 279, 281 

Anisembia (Anisembiidae) 489 

Anisepyris (Bethylidae) 474, 477 

Anisomorpha (Phasmatidae) 486 


Anisopteromalus (Pteromalidae) 98, 
358, 366 

Annona (Annonaceae) 91, 338, 341, 
596 

Anobiidae 98, 303, 333-4, 351-2, 
353, 362, 366, 449, 452, 455, 
471 

Anochetus (Formicidae) 593, 606 

Anomalon (Ichneumonidae) 409 

Anomaloninae 26, 393—4, 397-8, 
409 

Anomalonini 397 

Anoplius (Pompilidae) 524-5, 534-6, 
538 è 


Anteon (Dryinidae) 495,502 . 

Anteoninae 494-5, 497, 499, 502 

Anteris (Scelionidae) 233, 238 

Anteromorpha (Scelionidae) 236 

Anthidiellum (Apidae) 18, 653, 671-2 

Anthidiinae 658 

Anthidiini 544, 671-2 

Anthidium (Apidae) 672 

Anthobosca (Tiphiidae) 515 

Anthoboscinae 515-16, 518 

Anthodioctes (Apidae) 672 

Anthomyiidae 227, 265, 448 

Anthonomus (Curculionidae) 96-7, 99, 
3257358307438; 

Anthophora (Apidae) 653, 656 


Anthophorinae 544, 651-3, 655, 657, 


660, 673-7 

Anthophorini 656, 673 

Anthurium (Araceae) 342 

Antianthe (Membracidae) 347 

Anticarsia (Noctuidae) 396, 

Antichloris (Arctiidae) 96, 319, 396, 
438 

Antiteuchus (Pentatomidae) 96, 230, 
232 

Antomartinezius (Sphecidae) 644 

Antonina (Pseudococcidae) 307 

Anyphaenidae 524, 532, 538 

Aoridus (Eulophidae) 325 

Apanteles (Braconidae) 46, 97, 438, 
459-60 

Apechoneura (Ichneumonidae) 419 

Apechthis (Ichneumonidae) 292, 395, 
429 

Apenesia (= Pristocera) 477 

Aphaenogaster (Formicidae) 228, 608, 
615 

Aphaereta (Braconidae) 433, 448 

Aphanistes (Ichneumonidae) 409 

Aphanogmus (Ceraphronidae) 201, 203 

APHELINIDAE 11, 14, 38-9, 47, 50, 


EE, JUS. ees), ADS, Aol, HOW 


273, 282-89, 300, 303, 316, 
SOS 

Aphelininae 283, 288 

Aphelinoidea (Trichogrammatidae) 387 


Aphelinus (Aphelinidae) 61, 286, 288 

Aphelopinae 493-7, 499, 502 

Aphelopus (Dryinidae) 496—7, 502 

Aphididae 61, 66, 97, 261, 302, 
367-8 

Aphidiinae 26, 49, 60, 144, 205, 261, 
356-7, 362, 389, 433-6, 440, 
447, 448-9 

Aphidius (Braconidae) 61, 449 

Aphidoidea 50, 251, 283, 372, 448, 
638, 644 

Aphidoletes (Cecidomyiidae) 203 

Aphilanthopini 636 

Aphis (Aphididae) 449 

Aphonopelma (Theraphosidae) 530, 539 

Aphrophora (Cercopidae) 647 

Aphycus (Encyrtidae) 302, 308 

Aphytis (Aphelinidae) 47, 59, 96, 
284-6, 288 

APIDAE 14, 20-1, 24-5, 28-30, 40, 
67, 69-70, 72, 75-88, 89-93, 
99-101, 130, 143-5, 150, 303, 
343, 383, 464, 480-1, 487, 622, 
650-91 

Apinae 72, 651-3, 655-6, 660, 
690-1 

Apion (Curculionidae) 96, 365, 438 

Apis (Apidae) 87, 93, 100, 690-1 

Apleurotropis (Eulophidae) 324 

Aplochares (Pompilidae) 536, 579 

Aplolophus (Ichneumonidae) 422, 423 

Apoanagyrus (Encyrtidae) 302, 304-5, 
307-8 

Apocharips (Figitidae) 261, 262 

Apocrita 26, 28, 32, 39, 139-40, 142 

Apodryininae 494 

Apoica (Vespidae) 21, 85, 87, 576, 
581, 585 

Apoidea 5, 14-16, 25, 31, 40, 84-5, 
141-5, 124, 150, 504, 651 

Aporinellus (Pompilidae) 524, 536 

Aporini 526, 533-4 

Aporus (Pompilidae) 524, 533 

Apozyginae 389 

Aprostocetus (Eulophidae) 55, 98, 
316-19, 327, 328 

Apsilophrys (Encyrtidae) 303, 308 

Apterogyninae 555 

Apterostigma (Formicidae) 592, 612 

Aptesis (Ichneumonidae) 415 

Aquifoliaceae 35, 379 

Araceae 9 

Arachnopteromalus (Pteromalidae) 355, 
367 

Aradidae 236 

Aradophagini 232, 236 

Aradophagus (Scelionidae) 236 

Araneae 39, 68, 230, 236, 266, 
327-8331335 S37 355, 
625-6, 637, 639-40 


Aranedra (Eurytomidae) 339, 341 

Araneidae 524, 529, 534—6, 538, 625 

Aranobroter (Eulophidae) 327, 328 

Araucania (Sapygidae) 540 

Archaearanea (Theridiidae) 236 

Archaeocynipidaex 247 

Archaeopelma (Eupelmidae) 330, 333 

Archenomus (Aphelinidae) 284, 288, 
289 

Archinus (Encyrtidae) 308 

Archirileyia (Eurytomidae) 337 

Arctiidae 96, 425, 448, 458 

Areoscelis (Ichneumonidae) 418 

Arescon (Mymaridae) 346, 348 

Arge (Argidae) 165 

ARGIDAE 14, 26, 33, 140, 145, 159, 
162-7, 173, 416 

Arginae 163-4, 165-6 

Argogorytes (Sphecidae) 645 

Arhopoidella (Encyrtidae) 308 

Aridelus (Braconidae) 454 

Arigorytes (Sphecidae) 645 

Aritranis (Ichneumonidae) 67, 85 

Arotes (Ichneumonidae) 409 

Arrabidaea (Bignoniaceae) 450 

Arrhenophagus (Encyrtidae) 302, 308 

Artocrus (Braconidae) 449 

Asaphes (Pteromalidae) 262, 356-8, 
361-2 

Asaphinae 359, 361 

Ascalaphidae 302, 

Ascogaster (Braconidae) 96, 451-2 

Asecodes (Eulophidae) 324 

Asobara (Braconidae) 448 

Asphondylia (Cecidomyiidae) 341 

Aspicerinae 247, 260, 261 

Aspidepyris (Bethylidae) 474, 477 

Aspidobraconina 449 

Aspidotus (Diaspididae) 371 

Aspilota (Braconidae) 448 

Aspirrhina (Chalcididae) 19, 297 

Astata (Sphecidae) 628, 639 

Astatinae 145, 622-3, 626, 627-8, 
630, 636, 638 

Astatini 627, 636, 639 

Asterolecaniidae 302 

Asthenara (Ichneumonidae) 417 

Astichus (Eulophidae) 325 

Atanycolus (Braconidae) 435, 450 

Atomacera (Argidae) 166 

Atomacerinae 163-4, 166 

Atopagenia (Pompilidae) 531, 532 

Atopotrophos (Ichneumonidae) 430 

Atta (Formicidae) 37, 69, 75, 84, 87, 
90, 589-92, 595-7, 600, 609, 
612 

Attaphilidae 85 

Attelabidae 384 

Atticolidae 85 

Attini 36-7, 593, 595, 608, 612-13 


Auchenorrhyncha 38, 63, 302, 465, 
638, 647-8 

Augochlora (Apidae) 86, 654, 656, 
666-7 

Augochlorella (Apidae) 543, 654, 667 

Augochlorini 665, 666-8 

Augochloropsis (Apidae) 87, 666, 667 

AULACIDAE 14, 38-9, 145, 185, 
192-3, 195 

Aulacideini 247, 253 

Aulacofoenus (Gasteruptiidae) 194 

Aulacomerus (Pergidae) 171 

Aulacophilus (Sphecidae) 639 

Aulacus (Aulacidae) 193 

Aulogymnus (Eulophidae) 326 

Auplopus (Pompilidae) 70, 78-9, 
524—5, 531, 532, 538, 543 

Auricularia (Auriculariaceae) 37, 157, 
170172 

Australomymar (Mymaridae) 349 

Australoodera (Eupelmidae) 334 

Austrocynipinae 247, 257 

AUSTRONIIDAE 13-14, 141-3, 145, 
209 

Austroserphinae 216-17 

Austroserphus (Proctotrupidae) 247 

Avetianella (Encyrtidae) 302, 303, 308 

Axima (Eurytomidae) 78, 337-9, 341 

Aximogastra (Eurytomidae) 339, 341 

Azotinae 283, 289 

Azotus (see Ablerus) 

Azteca (Formicidae) 1, 70, 77, 81-2, 
84, 86, 90, 98, 337, 342, 576, 
589-92, 597-600, 617 


Baeacis (Braconidae) 455 

Baeini 233, 236 

Baeus (Scelionidae) 233, 236 

Bakeriella (Bethylidae) 477, 477 

Balboana (Pompilidae) 536 

Baliosus (Chrysomelidae) 450 

Balna (Figitidae) 261 

Baltimora (Compositae) 24 

Banchinae 25, 62, 395, 399, 409-10 

Bareogonaloinae 187 

Bareogonalos (Trigonalyidae) 187-90 

Baridobius (Pteromalidae) 362 

Baryceros (Ichneumonidae) 416 

Baryconini 233, 236 

Baryconus (Scelionidae) 233, 236 

Baryproctus (Braconidae) 446 

Baryscapus (Eulophidae) 78, 317, 327, 
328 

Basalyini 227 

Basalys (Diapriidae) 224, 227 

Basiceros (Formicidae) 613 

Basicerotini 608, 612, 613 

Bassus (Braconidae) 448 

Bathyplectes (Ichneumonidae) 50, 394 


Belomicrus (Sphecidae) 640 

Belonopelta (Formicidae) 593, 605 

Belyta (Diapriidae) 226 

Belytinae 223-4, 226-7 

Bembecinus (Sphecidae) 625, 628-9, 
648 

Bembicini 627, 629, 631, 635-6, 
648-9 

Bembix (Sphecidae) 81, 626-8, 648 

Bemesia (Aleyrodidae) 243, 285-6, 
258089371 

Bennettisca (Encyrtidae) 302, 308 

Bephrata (Eurytomidae) 337, 341 

Bephratelloides (Eurytomidae) 91, 338, 
341, 341 

Bephratoides (Eurytomidae) 337, 339, 
341 

Bertholletia (Lecythidaceae) 3 

Betelgeuse (Braconidae) 454 

BETHYLIDAE 5, 14, 26, 31, 38-9, 42, 
47, 67-8, 72-3, 85, 95-6, 121, 
123, 129, 145, 156, 356, 464—5, 
467, 470-9 

Bethylinae 471, 473, 478 

Bethylus (Bethylidae) 478 

Betulaceae 32 

Betylobraconinae 439, 447, 449 

Biaphelopinae 493-4, 499, 502 

Biaphelopus (Dryinidae) 502 

Biconus (Ichneumonidae) 416 

Bicristella (Ichneumonidae) 416 

Bicryptella (Ichneumonidae) 416 

Bicyrtes (Sphecidae) 487, 626-8, 648 

Bidens (Compositae) 292 

Bignoniaceae 6 

Binodoxys (Braconidae) 449 

Biosteres (Braconidae) 95, 437, 461 

Blacinae 437, 441, 446, 449 

Blacus (Braconidae) 437, 449 

Blanchardiscus (Encyrtidae) 308 

BLASTICOTOMIDAE 13-14, 139-40, 
145, 157, 159 

Blastophaga (Agaonidae) 276, 278 

Blastothrix (Encyrtidae) 302, 309 

Blatta (Blattidae) 196 

Blattaria 38, 196, 266, 329, 331, 
335-6, 355, 626, 637 

Blattella (Blattellidae) 197 

Blattidae 639 

Blennocampinae 159, 173-4 

Blepharocalyx (Cynipidae) 256 

Blepyrus (Encyrtidae) 302, 308 

Blissinae 240 

Bocchinae 494—5, 497, 499, 502 

Bocchus (Dryinidae) 502 

Boeroides (Stratiomyidae) 213 

Boethus (Ichneumonidae) 430 

Bofura (Pteromalidae) 363 

Bohartella (Sphecidae) 19, 631, 640 

Bombinae 651-6, 658, 660, 681-2 


Bombini 544 

Bomburia (Pteromalidae) 363 

Bombus (Apidae) 78, 87, 658, 681 

Bombyliidae 86, 648 

Boreidae 205 

Bostrychidae 182, 334, 362-3, 366, 
452, 471 

Bothriocraera (Encyrtidae) 302, 308 

Bothriocyrtum (Ctenizidae) 534 

Bothriothorax (Encyrtidae) 25, 303, 
304, 309 

Bothynostethini 623, 631, 636, 640 

Bothynostethus (Sphecidae) 626, 640 

Brachista (Trichogrammatidae) 385, 
387 

Brachistini 441, 455 

Brachycera 223 

Brachycistidinae 15, 18, 20, 515-17, 
518-21 

Brachycyrtinae 390, 393, 397, 
410-11 

Brachycyrtus (Ichneumonidae) 411 

Brachygaster (Evaniidae) 196-7 

Brachygastra (Vespidae) 100, 191, 
576, 579-80, 585 

Brachymeria (Chalcididae) 49, 53, 84, 
96, 290-1, 296, 579 

Brachymeriini 290, 293, 296 

Brachymyrmex (Formicidae) 618 

Brachyplatycerus (Encyrtidae) 308 

Brachys (Buprestidae) 367, 450 

Brachyserphus (Proctotrupidae) 218, 
219 

Bracon (Braconidae) 25, 47, 98, 432, 
449, 450 

BRACONIDAE 12, 14-15, 20, 21, 
24-7, 30, 34, 35, 38-9, 41-2, 
44-5, 47-9, 514, 56, 58, 60-2, 
77, 78, 94-7, 123, 144-5, 155, 
201,231, 2927298303 D17, 
II IL IO A, O, SEIS 
431-63 

Braconinae 432, 435-6, 441, 446-7, 
449-50 

BRADYNOBAENIDAE 14-15, 39, 123, 
145, 156, 505, 507, 548, 552-5, 
588 

Bradynobaeninae 555 

Brasema (Eupelmidae) 331, 335 

Braulidae 85 

Braunsopsis (Apidae) 311 

Brethesiella (Encyrtidae) 302, 308 

Bromeliaceae 9 

Bruchidae 35, 96, 302, 324-5, 337, 
342, 367-8, 379, 452, 455, 471, 
649 

Bruchodape (Eurytomidae) 339, 342 

Bruchomymar (Mymaridae) 349 

Bruchophagus (Eurytomidae) 35, 
338-9, 342, 379, 381 


Bugacia (Pteromalidae) 365 

Buprestidae 182, 193, 302, 325, 334, 
342, 346, 363, 452, 455, 471, 
625, 649 

Bursera (Burseraceae) 587 

Byttneria (Sterculiaceae) 24, 292 


Cadeguala (Apidae) 656 

Caecopria (Diapriidae) 84, 227 

Caenaugochlora (Apidae) 71, 654, 667 

Caenobrachymeria (Chalcididae) 292 

Caenochrysis (Chrysididae) 481, 486, 
487 : " 

Caenohalictus (Apidae) 668 : 

Caenomymar (Mymaridae) 19, 349 

Caenosclerogibba (Sclerogibbidae) 488-9 

Cajanus (Leguminosae) 375 

Calathea (Marantaceae) 597 

Cales (Aphelinidae) 2834, 286, 289 

Calesinae 283, 289 

Caliadurgus (Pompilidae) 524-5, 529, 
530 

Calibitia (Pyralidae) 473 

Caligo (Nymphalidae) 324, 358, 385-6 

Caliroa (Tenthredinidae) 158 

Callaspidea (Figitidae) 261 

Calliephialtes (Ichneumonidae) 429 

Calligrapha (Chrysomelidae) 365 

Calliopsis (Apidae) 653, 658, 670 

Calliphoridae 228, 262, 265, 297, 
328, 369 

Callirhytis (Cynipidae) 256 

Calliscelio (Scelionidae) 236 

Calliscelionini 233, 236-7 

Callitula (Pteromalidae) 355, 367 

Callojoppina 417, 419 

Calobracon (Braconidae) 450 

Calofigites (Figitidae) 260 

Calomerella (Platygastridae) 245 

Calorileya (Eurytomidae) 339, 341 

Calosota (Eupelmidae) 330, 333 

Calosotinae 330-2, 333 

Caloteleia (Scelionidae) 238 

Calyozina (Bethylidae) 477, 477 

Camera (Ichneumonidae) 395, 416 

Campoctonus (Ichneumonidae) 412 

Campodeidae 593 

Campoletis (Ichneumonidae) 53, 97, 
396 

Camponotus (Formicidae) 1, 75, 78, 82, 
84, 87, 89, 93, 311-12, 324, 
589—92, 600, 618, 683 

Campopleginae 18, 45, 52, 62, 394, 
398, 411-12 

Campsomerini 556, 559 

Campsomeris (Scoliidae) 557, 559 

Camptoptera (Mymaridae) 346, 348 

Camptotypus (Ichneumonidae) 85 

Canaceidae 263 


Cantharidae 644 

Cantharoctonus (Braconidae) 461 

Carabidae 83, 87, 239, 454 

Carabunia (Encyrtidae) 302, 304-6, 
308 

Caraphractus (Mymaridae) 346 

Cardiochiles (Braconidae) 46, 52, 55, 
64, 96, 438, 450 

Cardiochilinae 46, 62, 436, 439, 446, 
450 

Cardiocondyla (Formicidae) 609, 
614 

Cardiospermum (Sapindaceae) 328 

Carebarella (Formicidae) 608, 615 

Carinodes (Ichneumonidae) 96, 395-6, 
418, 579 

Carlobembix (Sphecidae) 648 

Casinaria (Ichneumonidae) 26, 292, 
396, 411-12 

Cassia (Leguminosae) 24, 450 

Cassidinae 291, 377 

Cassidocida (Tetracampidae) 377 

Castnia (Castniidae) 99 

Catolaccus (Pteromalidae) 96, 356, 
358, 367 

Cattlyea (Orchidaceae) 338 

Caularthron (Orchidaceae) 600 

Caupolicana (Apidae) 663 

Caupolicani 663 

Ceanothus (Rhamnaceae) 337 

Cecidomyiidae 201, 209, 242-3, 245, 
316, 32/5 3529 13 SIS SIS EO Zu 
355-6, 365-6, 379-80, 383 

Cecropia (Urticaceae) 337, 342, 590-1, 
598-600, 617 

Cedria (Braconidae) 42, 456 

Ceinae 359, 362 

Centistes (Braconidae) 454 

Centridini 655, 657, 673-4, 675 

Centris (Apidae) 24—5, 86, 653, 
657-9, 672, 674 

Centrodora (Aphelinidae) 283-4, 286, 
288 

Centrolenella (Centrolenidae) 367 

Centromyrmex (Formicidae) 606 

Centrosema (Leguminosae) 450 

Cephaelis (Rubiaceae) 342 

Cephalanthus (Rubiaceae) 457 

Cephaleta (Pteromalidae) 364 

Cephalonomia (Bethylidae) 95, 98, 471, 
473-4, 478 

Cephalonomiini 474, 477, 478 

Cephalotes (Formicidae) 613 

Cephalotini 608, 612, 613 

Cephalotrigona (Apidae) 684, 686-7, 
689 


CEPHIDAE 13-14, 145, 157, 159 

Cephoidea 5, 14, 139-40, 142, 145, 
157, USS) 

Ceraleurodicus (Aleyrodidae) 325 


Cerambycidae 193, 245, 303, 325, 
333-4, 368, 411, 449, 452, 455, 
458,471 

Ceramiopsis (Vespidae) 565 

Ceranisus (Eulophidae) 66, 324, 325 

Cerapachyinae 588, 593, 601, 607 

Cerapachys (Formicidae) 593, 607 

Ceraphron (Ceraphronidae) 201, 203 

CERAPHRONIDAE 14, 38-9, 123, 
141, 145, 185, 187, 199-203, 
209, 499 

Ceraphronoidea 5, 12, 14, 20, 48, 56, 
140, 142, 145, 151, 156, 185, 
187, 201, 266 

Cerapterocercus (Encyrtidae) 308 

Ceratina (Apidae) 30, 78, 194, 341, 
653, 660, 677 

Ceratitis (Tephritidae) 95, 318, 358 

Ceratogramma (Trichogrammatidae) 
19, 387 

Ceratoneura (Eulophidae) 327, 328 

Cercerini 626-8, 631, 636, 649 

Cerceris (Sphecidae) 81, 487, 579, 
623, 625-7, 629, 644, 649 

Cerchysiella (Encyrtidae) 303, 306, 
308 

Cerchysius (Encyrtidae) 302-3, 308 

Cercobelus (Encyrtidae) 302, 309 

Cercopidae 302, 304, 306, 346-9, 
647-8 

Cerocephala (Pteromalidae) 362 

Cerocephalinae 357, 358, 362 

Ceropales (Pompilidae) 524, 538 

Ceropalinae 523, 529, 538-9 

Ceroplastes (Coccidae) 364 

Certonotus (Ichneumonidae) 395 

Cerylonidae 84 

Cestrus (Ichneumonidae) 392, 416 

Chaenotetrastichus (Eulophidae) 78 

Chaetogramma (Trichogrammatidae) 
387 

Chaetostricha ('Yrichogrammatidae) 
387 

Chaetostrichini 384 

Chalcedectini 267, 362-3 

Chalcedectus (Pteromalidae) 362 

CHALCIDIDAE 14, 18-19, 20, 24, 
38-9, 49, 53, 77, 78, 95-6, 145, 
267, 289-98, 499 

Chalcidinae 290, 296-7 

Chalcidini 290, 293, 296 

Chalcidoidea 5, 12-15, 20-1, 24-6, 
29-31, 33-4, 41, 43, 45-6, 48, 
Syl, Sieh, SAO), 112224, es, 115%, 
140-2, 144-5, 151, 156, 247, 
266-388 

Chalcis (Chalcididae) 290, 292 

Chalepus (Chrysomelidae) 299, 450 

Chalybion (Sphecidae) 18, 624, 626, 
628, 631, 637 


Chamaemyiidae 205, 264, 303, 370, 
570 

Charipidae 144 

Charipini 48, 50, 247, 260, 261-2, 
362 

Charops (Ichneumonidae) 27, 394, 412 

Chartergellus (Vespidae) 19, 581, 586 

Charterginus (Vespidae) 581, 586 

Chartocerus (Signiphoridae) 371, 372 

Cheiloneurus (Encyrtidae) 302, 303, 
304, 308 

Chelicerca (Teratembiidae) 237 

Cheliomyrmex (Formicidae) 601 

Cheloninae 25, 46, 62, 433—6, 440, 
446, 450-2 

Chelonus (Braconidae) 46, 97, 434, 
438, 451-2 

Chilepyris (Bethylidae) 478 

Chilicola (Apidae) 656, 658, 665 

Chilocyrtus (Ichneumonidae) 427-8 

Chiloplatys (Ichneumonidae) 430 

Chilopoda 39, 593 

Chilostictia (Sphecidae) 648 

Chimila (Sphecidae) 640, 641 

Chironomidae 644 

Chirotica (Ichneumonidae) 416 

Chlorion (Sphecidae) 622-3, 635, 637 

Chloropidae 205, 227, 228, 262, 303, 
35713677369, 372 

Choeras (Braconidae) 460 

Choetospilisca (Pteromalidae) 362 

Choreborogas (Braconidae) 462 

Chorebus (Braconidae) 448 

Chorinaeus (Ichneumonidae) 422, 423 

Chremon (Gryllidae) 238 

Chromocryptus (Ichneumonidae) 416 

Chromoteleia (Scelionidae) 233, 236 

Chryseida (Eurytomidae) 337, 339, 
342 

CHRYSIDIDAE 4, 14, 38-9, 42, 51, 
68, 78, 80, 128, 145, 337, 
464-5, 467, 479-88 

Chrysidinae 18, 78, 464, 479-81, 
486, 487-8 

Chrysidini 479-80, 482, 487-8 

Chrysidoidea 5, 14—15, 40, 46, 141-3, 
145, 150, 151, 464—503 

Chrysis (Chrysididae) 481, 486, 487 

Chrysochalcissini 378 

Chrysocharis (Eulophidae) 97, 317-18, 
323, 324 

Chrysodeixis (Noctuidae) 307 

Chrysoglyphe (Pteromalidae) 367 

Chrysolampinae 311, 351, 353 

Chrysolampus (Perilampidae) 351, 353 

Chrysomalla (Perilampidae) 351, 353 

Chrysomelidae 245, 291, 296, 303, 
316-17, 324, 328, 346, 348, 
355, 368-9, 411, 454-5, 458, 
542, 567, 625, 640, 644, 649 


Chrysonotomyia (Eulophidae) 65, 324 
Chrysopidae 49, 205, 215, 239, 317, 
335.35 leat 
Chrysopophthorus (Braconidae) 454 
Chrysothemis (Gesneriaceae) 597 
Chyphotinae 19, 506-7, 553 
Chytotetrastichus (Eulophidae) 78 
Cicadellidae 96—7, 223, 302, 346, 
348-9, 465, 495, 502, 638, 644, 
647-8 
Cicadidae 648 
Cicindelidae 516, 521 
Cidaphus (Ichneumonidae) 420 
Ciidae 458, 471 
CIMBICIDAE 13, 14, 140, 145, 159 
Cinetus (Diapriidae) 226 
Cinnamomum (Lauraceae) 262 
Cirrospilopsis (Eulophidae) 327, 328 
Cirrospilus (Eulophidae) 96, 326 
Cissus (Vitaceae) 173 
Cixiidae 503 
Cladeutes (Ichneumonidae) 430 
Cladochaeta (Drosophilidae) 325 
Cladomacra (Pergidae) 37, 170 
Clarkinella (Braconidae) 460 
Clastoptera (Cercopidae) 304 
Cleonyminae 267, 329, 359, 362-3 
Cleonymini 362-3 
Cleonymus (Pteromalidae) 79, 363 
Cleptidea (Chrysididae) 480—1, 486 
Cleptinae 464, 479-81, 486 
Cleridae 87, 303, 333, 471 
Cleruchus (Mymaridae) 346, 349 
Clinocentrus (Braconidae) 462 
Clistopyga (Ichneumonidae) 395, 429 
Clitemnestra (Sphecidae) 645 
Closterocerus (Eulophidae) 96, 317-19, 
323, 324 
Clubionidae 524, 530-2, 535 
Clydonium (Ichneumonidae) 429, 579 
Clypeadon (Sphecidae) 81 
Clypearia (Vespidae) 579, 581, 586 
Clystopsenella (Scolebythidae) 469-70 
Clytina (Signiphoridae) 371, 372 
Cnecomymar (Mymaridae) 349 
Cnestidium (Connaraceae) 164 
Coccidae 94, 302, 304, 364, 371-2 
Coccidaphycus (Encyrtidae) 302, 308 
Coccidencyrtus (Encyrtidae) 302, 308 
Coccidoctonus (Encyrtidae) 302, 303, 
308 
Coccidoxenoides (Encyrtidae) 302, 308 
Coccinellidae 49, 55, 205, 303, 328, 
355, 454 
Coccobius (Aphelinidae) 284, 286, 
289 
Coccoidea 65, 242, 283, 304, 355, 
358, 364, 370, 592, 638 
Coccoloba (Polygonaceae) 164 
Coccophaginae 283, 288 


Coccophagoides (Aphelinidae) 284, 288, 
289 

Coccophagus (Aphelinidae) 47, 284-6, 
289 

Coccygidium (Braconidae) 448 

Cochylidae 448 

Coelichneumon (Ichneumonidae) 418 

Coelinus (Braconidae) 448 

Coelioxoides (Apidae) 657, 677 

Coelioxys (Apidae) 657, 672-3 

Coeloides (Braconidae) 435 

Coelopencyrtus (Encyrtidae) 78, 303, 
308 

Coelopidae 262 

Coelorhachis (Ichneumonidae) 417 

Coenagrionidae 346 

Coenocercus (Encyrtidae) 308, 309 

Coenocoelini 436, 455 

Coenocoelius (Braconidae) 195, 455 

Coiba (Braconidae) 453 

Colastes (Braconidae) 454 

Coleophoridae 448, 455, 461 

Coleoptera 1, 5, 11, 29, 34, 38, 43, 
65, 68, 84, 86, 87, 209, 230, 
242, 266, 290, 296, 316, 325-9, 
331, 346, 351, 355, 362-3, 365, 
369, 380, 384, 387-8, 412, 432, 
449-50, 454, 461-2, 464, 471, 
477-8, 573-4, 609, 625-6, 644, 
649 

Collembola 38, 82, 593, 614, 625-6, 
638 

Colletes (Apidae) 656, 663 

Colletinae 651-3, 655-7, 660, 663 

Collyriinae 392 

Colotrechinae 359, 363 

Colotrechnus (Pteromalidae) 363 

Colpotrochia (Ichneumonidae) 422, 
423 

Comastichus (Eulophidae) 327, 328 

Comperia (Encyrtidae) 304, 306 

Comperiella (Encyrtidae) 50, 304, 306 

Compositae 157, 189, 253 

Compsobracon (Braconidae) 450 

Compsobraconoides (Braconidae) 450 

Compsocryptus (Ichneumonidae) 19 

Conaxima (Eurytomidae) 78, 337-9, 
342 

Conganteoninae 493-4 

Coniopterygidae 201, 205, 302 

Conocephalus (Tettigoniidae) 385 

Conocoxinae 170 

Conomyrma (Formicidae) 617 

Conopidae 86 

Conopyge (Ichneumonidae) 418 

Conostegia (Melastomataceae) 158, 
17/3, SSE) 

Conostigmus (Megaspilidae) 205, 207 

Contarinia (Cecidomyiidae) 319, 332 

Contrachelus (Curculionidae) 325 


Conura (Chalcididae) 20, 96, 290-3, 
296, 579 

Conuraspis (Diaspididae) 96 

Copidosoma (Encyrtidae) 25, 48, 97, 
266, 303-8 

Copidosomopsis (Encyrtidae) 48, 303, 
306-8 

Coptera (Diapriidae) 223-4, 228 

Cordia (Boraginaceae) 312, 338, 
341-2, 599-600, 613 

Coreidae 238, 302, 341, 648 

Cornops (Acrididae) 238 

Corynopria (Diapriidae) 228 

Cosmopterix (Cosmopterigidae) . 450 

Cossidae 205 l 

Cotesia (Braconidae) 46, 52, 54, 62, 
95-7, 201, 299, 433, 436-8, 459 

Cothonaspis (Figitidae) 263° 

Crabro (Sphecidae) 18, 623, 626, 629, 
631, 640, 641 

Crabroninae 18, 622-3, 625, 628, 
630-1, 636, 639-44 

Crabronini 623, 627-8, 631, 636, 
6404 

Crassomicrodus (Braconidae) 448 

Cratocentrini 290-1, 293, 296 

Crawfordapis (Apidae) 85, 657, 663 

Creagrura (Ichneumonidae) 412, 414 

Cremastinae 393, 398, 412-14 

Cremastobaeini 233, 237 

Cremastobaeus (Scelionidae) 237 

Crematogaster (Formicidae) 82, 84, 
590-2, 613 

Crematogastrini 608, 612, 614 

Cremnops (Braconidae) 448 

Cresson (Sphecidae) 644 

Critogaster (Agaonidae) 281 

Crossocerus (Sphecidae) 629, 640, 641 

Croton (Euphorbiaceae) 292, 338 

Crovettia (Dryinidae) 48, 494, 496-7, 
502 

Cryptanura (Ichneumonidae) 416 

Cryptinae 77, 393-5, 397, 399, 
414-16 

Cryptini 415 

Cryptocheilus (Pompilidae) 524, 529 

Cryptognatha (Coccinellidae) 368 

Cryptohelcostizus (Ichneumonidae) 416 

Cryptojoppa (Ichneumonidae) 418 

Cryptophagidae 303, 449, 458 

Cryptophion (Ichneumonidae) 53, 96, 
394, 396, 412 

Cryptopone (Formicidae) 606 

Cryptoprymna (Pteromalidae) 367 

Cryptopteryx (Ichneumonidae) 416, 
579 

Cryptoserphini 218-19 

Cryptoserphus (Proctotrupidae) 218, 
219 

Cryptoxilos (Braconidae) 454 


Cryptus (Ichneumonidae) 415 

Ctenidae 524, 532-3 

Ctenioschelus (Apidae) 19, 657, 675 

Ctenizidae 524, 529 

Ctenopelmatinae 399, 416-17 

Ctenoplectrinae 651, 655 

Cubus (Ichneumonidae) 422, 423 

Cucujidae 98, 471 

Cucurbita (Cucurbitaceae) 596 

Cupressaceae 159 

Curculionidae 96-7, 245, 324-6, 334, 
337, 346, 348, 351, 353, 355, 
363, 365-8, 383, 409, 411, 449, 
452, 454-5, 471, 477, 516, 567, 
625, 649 

Curculionoidea 324 

Curcuma (Zingiberaceae) 338 

Curtisella (Braconidae) 453 

Cyabnopterus (Braconidae) 450 

Cycloptilum (Gryllidae) 238, 549 

Cyclorrhapha 223 

Cyderius (Encyrtidae) 308 

Cylas (Brentidae) 98 

Cylindromyrmex (Formicidae) 593, 
606-7 

Cylloceria (Ichneumonidae) 417 

Cylloceriinae 399, 417 

Cymodusa (Ichneumonidae) 412 

Cynipencyrtus (Tanaostigmatidae) 
374-5 

CYNIPIDAE 14, 31, 34, 35, 40, 124, 
144-5, 247, 253-6, 325, 350, 
369, 380 

Cynipinae 247, 253 

Cynipini 247, 253-6 

Cynipoidea 5, 12, 14-15, 25-6, 29, 
31, 33, 45, 62, 95, 140-2, 144—5, 
150, 209, 228, 247-65, 266 

Cyperaceae 157 

Cyperus (Cyperaceae) 363 

Cyphoderidae 84 

Cyphomyrmex (Formicidae) 589, 591, 
595, 612 

Cyrtogaster (Pteromalidae) 355, 367 

Cyrtopholis (Theraphosidae) 530 

Cystomastax (Braconidae) 437, 462 


Dacetonini 608, 612, 614 
Dacnusini 448 

Dactylopiidae 302 

Daedalea (Fungi) 37 

Dalbulus (Cicadellidae) 97, 498 
Daldinia (Ascomycetes) 176 
Darditilla (Mutillidae) 545, 548 
Dasylabrini 542 

Dasylagon (Braconidae) 460 
Dasymutilla (Mutillidae) 544-5, 548 
Dasypodinae 651-2 

Decameria (Pergidae) 37, 157-8, 172 


Decticinae 239 

Deinodryinus (Dryinidae) 502 

Deleboea (Ichneumonidae) 410 

Delopia (Ichneumonidae) 412 

Delphacidae 97, 302, 346, 348, 503, 
638 

Deltoptila (Apidae) 673 

Dendrocerus (Megaspilidae) 49, 56, 
205, 207, 262 

Dendromyrmex (Formicidae) 592, 618 

Derecyrta (Xiphydriidae) 159, 176, 
177 

Derecyrtinae 19, 176 

Dermaptera 38, 355 

Dermestidae 87, 471, 477 

Derodontidae 428 

Deutereulophus (Eulophidae) 326 

Deuterixys (Braconidae) 459-60 

Diabrotica (Chrysomelidae) 99 

Diacantharius (Ichneumonidae) 418 

Diachasmimorpha (Braconidae) 62, 95, 
437, 461 

Diacritinae 392 

Diadasia (Apidae) 674 

Diadegma (Ichneumonidae) 55, 96, 
293, 297, 396, 412 

Diaeretiella (Braconidae) 53—4 

Diaglyptomorpha (Eulophidae) 326 

Diamma (Tiphiidae) 516 

Diamminae 515-16 

Dianthidium (Apidae) 194 

Diapetimorpha (Ichneumonidae) 416 

Diaphania (Pyralidae) 96, 99, 438 

Diaprepes (Curculionidae) 318 

Diapria (Diapriidae) 223-4 

DIAPRIIDAE 14, 20-1, 38-9, 47, 53, 
77, 78, 97, 122-3, 128, 141-3, 
145, 156, 209, 212, 222-9, 499 

Diapriinae 223-4, 227-9 

Diapriini 227, 228 

Diaretiella (Braconidae) 97, 438, 449 

Diaspididae 94, 96, 302, 371-2, 348 

Diatraea (Pyralidae) 95, 97, 437-8 

Diaulinopsis (Eulophidae) 326 

Diaulomorpha (Eulophidae) 326 

Dibrachys (Pteromalidae) 79, 357, 367 

Dicerataspis (Figitidae) 264 

Dicopus (Mymaridae) 348 

Dictynidae 524 

Dictyopharidae 503, 648 

Didymia (Argidae) 19, 163, 164, 166, 
167 

Dieffenbachia (Araceae) 341 

Dielocerinae 163—4, 166 

Diglyphomorpha (Eulophidae) 326 

Diglyphus (Eulophidae) 97, 316, 
318-19, 326 

Digoncryptus (Ichneumonidae) 416 

Digonogastra (Braconidae) 96-7, 436, 
438, 450 


Dilocantha (Eucharitidae) 313 

Dilopharius (Ichneumonidae) 418 

Dilyta (Figitidae) 261, 262 

Dimorphagenia (Pompilidae) 531 

Dimorus (Torymidae) 379, 381 

Dinagapostemon (Apidae) 669 

Dinocampus (Braconidae) 435, 454 

Diolcogaster (Braconidae) 460 

Diomorus (Torymidae) 79 

Diospilini 455 

Diospilus (Braconidae) 455 

Dipachystigma (Pteromalidae) 363 

Dipara (Pteromalidae) 364 

Diparinae 20, 359, 363-4 

Diphaglossinae 651-3, 657, 660, 
6634 

Diphaglossini 663 

Diphyus (Ichneumonidae) 418 

Diplazon (Ichneumonidae) 31, 61, 394, 
417 

Diplazontinae 18, 20, 31, 53, 394, 
398, 417 

Diplolepis (Cynipidae) 254 

Diploplectron (Sphecidae) 639 

Diplopoda 39 

Diplura 38 

Dipogon (Pompilidae) 524, 529 

Dipriocampe (Tetracampidae) 377 

DIPRIONIDAE 1, 13-14, 29, 91, 140, 
145, 158-9, 351, 377. 480 

Diptera 1, 4, 10-11, 20, 28, 39, 40, 
43, 84, 86, 87, 93-4, 201, 209, 
226, 251, 262, 264-6, 290-2, 
296-7, 303, 304, 316-17, 325-9, 
931555508955 43629366-99370. 
388, 432, 448, 450, 626, 640, 
644, 648 

Diradops (Ichneumonidae) 410 

Dirhininae 290, 297 

Dirhinini 293 

Dirhinus (Chalcididae) 291, 297 

Dirphys (Aphelinidae) 284, 288, 289 

Dirrhopinae 446 

Disceneinae 187 

Discothyrea (Formicidae) 593, 605 

Disholcaspis (Cynipidae) 256 

Dismicoccus (Pseudococcidae) 307 

Dismogmini 217 

Dissoglotini 664 

Dissomphalus (Bethylidae) 473-4, 
477 

Dissoxylabis (Diapriidae) 227 

Distathma (Ichneumonidae) 416 

Distatrix (Braconidae) 460 

Diversinervus (Encyrtidae) 305 

Dochmioglene (Tenthredinidae) 175 

Doddiella (Scelionidae) 237 

Doddiellini 233, 237 

Doirania (Trichogrammatidae) 386-7 

Dolerinae 173 


Dolichoderinae 75, 76, 92, 588, 601, 
616-17 

Dolichoderus (Formicidae) 80, 591, 
616, 617 

Dolichogenidea (Braconidae) 460 

Dolichomitus (Ichneumonidae) 25, 
394—5, 429, 579 

Dolichostelis (Apidae) 18, 657, 672 

Dolichurini 630, 636, 636 

Dolichurus (Sphecidae) 636 

Doliopria (Diapriidae) 227 

Doryctes (Braconidae) 453 

Doryctinae 54, 77, 362, 432-3, 435, 
441, 447, 452-3, 463 

Doryctobracon (Braconidae) 97, 438, 
461 

Dorylinae 593 

Dorymyrmex (Formicidae) 616, 617 

Dreisbachia (Ichneumonidae) 429 

Drosophilidae 228, 262-3, 369, 370, 
372 

Dryadochalcis (Pteromalidae) 19, 362 

DRYINIDAE 5, 14, 21, 38, 44, 46, 48, 
63, 66, 97, 122-3, 145, 156, 
201, 223, 227, 303, 464-5, 467, 
493—503, 505 

Dryininae 494-5, 497, 499, 503 

Dryinus (Dryinidae) 498, 503 

Dryocosmus (Cynipidae) 256 

Dryudella (Sphecidae) 639 

Duckeia (Chrysididae) 482, 486 

Duta (Scelionidae) 230, 238 

Dvalinia (Pteromalidae) 363 

Dynatus (Sphecidae) 623, 626, 631, 
637 

Dyscritobaeus (Scelionidae) 237 

Dytiscidae 316, 346, 385 


Earinus (Braconidae) 448 

Ecdytolopha (Tortricidae) 396 

Ecdytolophatorticornis (Tortricidae) 96 

Echthrodapinae 310-11 

Echthrogonatopus (Encyrtidae) 308 

Echucoides (Sphecidae) 640 

Eciton (Formicidae) 87, 589, 594, 609 

Ecitoninae 223, 228, 312, 477, 588, 
593, 601, 609 

Ecitonites (Ceraphronidae) 201, 203 

Ecphylus (Braconidae) 434, 436, 453 

Ectatomma (Formicidae) 82, 99, 312, 
605 

Ectemnius (Sphecidae) 623, 626, 640, 
641 

Ectobius (Ectobiidae) 196 

Ecuada (Chalcididae) 297 

Edessa (Pentatomidae) 232 

Editha (Sphecidae) 648 

Edovum (Eulophidae) 317, 324 

Efferia (Asilidae) 385 


Eiphosoma (Ichneumonidae) 97, 396, 
412, 413 

Elachertodomyia (Pteromalidae) 363 

Elachertus (Eulophidae) 96, 317, 326 

Elachista (Elachistidae) 450 

Elampini 464, 479-80,482, 487 . 

Elampus (Chrysididae) 481-2, 487 

ELASMIDAE 14, 38-9, 78, 145, 267, 
273, 298-300, 315, 316 

Elasmopalpus (Pyralidae) 298 

Elasmus (Elasmidae) 78, 298-9, 300 

Elateridae 471, 477 

Electrotomidae# 140 

Embidobia (Scelionidae) 233, 327 

Embidobiini 232, 233, 237 

Embiidina 38, 230, 237, 351, 464, 
489 

Embioctonus (Scelionidae) 232, 237 

EMBOLEMIDAE 14, 38, 123, 145, 
156, 464-5, 467, 490-2, 505 

Embolemus (Embolemidae) 490-1, 
492 

Emersoniella (Eulophidae) 317, 324 

Emphorini 656-7, 674-5 

Empoasca (Cicadellidae) 96, 347 

Empriini 174 

Encarsia (Aphelinidae) 95-6, 284-6, 
288, 289 

Encarsiella (Aphelinidae) 284, 288, 
289 

Enchemicrum (Sphecidae) 640 

Encopognathus (Sphecidae) 640 

Encyrtaspis (Eupelmidae) 335 

ENCYRTIDAE 14, 25, 38-9, 47-50, 
52, 62-3, 84, 91, 94-7, 123, 145, 
205, 267, 268, 300-9, 374, 
498-9 

Encyrtinae 301, 308-9 

Encyrtus (Encyrtidae) 304-8 

Enicospilus (Ichneumonidae) 19, 21, 
26-7, 59, 305, 393, 395-6, 420, 
425, 427 

Enizemum (Ichneumonidae) 18, 20, 
417 

Enjijus (Pergidae) 170 

Enoplolindenius (Sphecidae) 640, 641 

Entedon (Eulophidae) 323, 324 

Entedonastichus (Eulophidae) 324 

Entedononecremnus (Eulophidae) 325 

Entedontinae 316, 317, 319, 323-5 

Entomacis (Diapriidae) 228 

Entomocrabro (Sphecidae) 626, 640, 641 

Entomognathus (Sphecidae) 626, 641, 
644 

Entomosericinae 622 

Entrichopteris (Mymaridae) 19, 349 

Entypus (Pompilidae) 524, 530 

Enytus (Ichneumonidae) 412 

Eoxiphia (Xiphydriidae) 176 

Epeolus (Apidae) 657-8, 673 


Ephemeroptera 38, 644 

Ephestia (Pyralidae) 98 

Ephuta (Mutillidae) 543—4, 548 

Ephutini 542, 546, 548 

Ephydridae 228, 262-3 

Epicharis (Apidae) 657, 674, 677 

Epichrysomallinae 273 

Epiclerus (Tetracampidae) 377 

Epidinocarsis (Encyrtidae) 61 

Epiencyrtus (Encyrtidae) 303, 305, 309 

Epigryon (Scelionidae) 230, 238 

Epinysson{Sphecidae) 622, 644 

Epipompilus (Pompilidae) 533 

Epipona (Vespidae) 576-7, 581, 586 

Epiponini 18, 72, 574, 585-7 | 

Epirhyssa (Ichneumonidae) 430 

Epistenia (Pteromalidae) 85, 363 

Episyron (Pompilidae) 524-5, 536-7, 
538 


Epitetracnemus (Encyrtidae) 302 

Epitraninae 290 

Epoligosita (Trichogrammatidae) 387 

Epomidopteron (Tiphiidae) 518, 522 

Eprhopalotus (Eulophidae) 324, 325 

Epsilogaster (Braconidae) 456 

Epyrinae 18, 471, 473 

Epyrini 474, 477 

Epyris (Bethylidae) 471, 477, 478 

Erdosiella (Mymaridae) 349 

Erebomyrma (Formicidae) 615 

Eremnophila (Sphecidae) 635, 638 

Eretmocerus (Aphelinidae) 61, 63, 
95-6, 284-6, 288 

Eriaporinae 283, 298 

Eriastichus (Eulophidae) 328 

Ericaceae 9 

Ericrocini 657, 675 

Ericydnus (Encyrtidae) 302, 308 

Eridolius (Ichneumonidae) 20, 430 

Erigleninae 163-4, 166 

Eriglenum (Argidae) 164, 166 

Erimerini 378, 380 

Erinnyis (Sphingidae) 96, 99, 299, 
230-1, 438, 396, 580 

Eriococcidae 302 

Eriosoma (Aphididae) 285 

Eristalsis (Syrphidae) 223 

Erixestus (Pteromalidae) 355, 365 

Erotolepsia (Pteromalidae) 364 

Erotolepsinae 359-61, 364 

Erotylidae 303 

Eruga (Ichneumonidae) 429 

Erythmelus (Mymaridae) 346, 349 

Erythraspides (Tenthredinidae) 173, 
174, 480 

Erythrina (Leguminosae) 173 

Erythrobalanus (Fagaceae) 256 

Erythrodolius (Ichneumonidae) 19, 

. 428,429 
Erytolidae 219 


Estigmene (Noctuidae) 99 

Eubazus (Braconidae) 455 

Eucalyptus (Myrtaceae) 90, 256, 328, 
355 

Eucamptonyx (Dryinidae) 503 

Eucerceris (Sphecidae) 18, 635, 649 

Eucerini 656-7, 673, 675-6 

Eucerotinae 26, 392, 393 

EUCHARITIDAE 14, 26, 39, 77, 78, 
91, 144—5, 268, 309-15, 351 

Eucharitinae 310-12, 313 

Eucoila (Figitidae) 263 

Eucoilini 51, 53, 95, 122, 144, 247, 
260-4 | 

Eudeleboea (Ichneumonidae) 410 

Euderinae 316, 323, 325 

Euderomphale (Eulophidae) 325 

Euderus (Eulophidae) 326 

Eufriesa (Apidae) 680 

Eugenia (Cynipidae) 256 

Eugenia (Myrtaceae) 342 

Euglossa (Apidae) 71, 343, 543, 654, 
680, 681 

Euglossinae 70, 651-3, 655-8, 660, 
678-81 

Euglossini 544 

Eulaema (Apidae) 70, 80, 543, 680, 
681 

Eulonchopria (Apidae) 663 

EULOPHIDAE 14, 24, 26, 34, 38-9, 
42, 44, 47, 78, 94-7, 123, 145, 
273, 283, 298, 315-29, 377, 
499 : 

Eulophinae 316, 317, 319, 323, 
326-7 

Eumenes (Vespidae) 70, 87, 487, 
566-9, 573 

Eumeninae 16, 38—9, 70, 77, 81, 85, 
144, 333, 343, 379, 464, 480-1, 
540, 543, 562, 564, 565-74 

Eumicrosoma (Scelionidae) 239 

Euneura (Pteromalidae) 367 

Eunotinae 355, 358-9, 364 

Eunotini 364 

Euodynerus (Vespidae) 566-7, 569, 
573 

Euparargiinae 561 

EUPELMIDAE 14, 38-9, 84, 123, 145, 
268, 300, 329-36, 374, 362 

Eupelminae 329-33, 334 

Eupelmus (Eupelmidae) 84, 331, 334 

Euperilampus (Perilampidae) 351, 
353 

Euphalerus (Psyllidae) 375 

Euphorbiaceae 628 

Euphoriella (Braconidae) 454 

Euphorinae 49, 63, 431, 433-4, 436, 
441, 446, 449, 454 

Euphydryas (Lepidoptera) 61 

Euplaniceps (Pompilidae) 533 


Euplectrus (Eulophidae) 26, 44, 97, 
266, 316-7, 319, 326 
Eurhopalothrix (Formicidae) 613 
Eurydinoteloides (Pteromalidae) 358, 
367 
Euryglossinae 651, 655 
Euryrhopalus (Encyrtidae) 302, 308 
Eurytoma (Eurytomidae) 34, 51, 84, 
98, 337-8, 341, 342 
EURYTOMIDAE 14, 20, 24, 33-5, 


38-9, 46, 51, 77, 84, 90-1, 145, 


268, 279, 303, 333, 336-42 
Eurytominae 337-9, 341-2 
Eusandalum (Eupelmidae) 330, 334 
Eusapyga (Sapygidae) 540 
Eusemion (Encyrtidae) 302, 309 
Eusterinx (Ichneumonidae) 428 
Eustromboceros (Tenthredinidae) 175 
Eutanyacra (Ichneumonidae) 418 
Eutanygaster (Ichneumonidae) 412, 

413 
Eutrichiosoma (Pteromalidae) 365 
Eutrichosomatinae 359, 364-5 
Euxestonotus (Platygastridae) 245 
Evagetes (Pompilidae) 524 
Evania (Evaniidae) 98, 196-7, 199 
Evaniella (Evaniidae) 196, 199 
EVANIIDAE 14, 38, 41, 140, 145, 

185, 195-9, 231 
Evanioidea 5, 12, 14, 140, 142, 145, 

150r 185 
Evaniomorpha 68, 139—41 
Evaniscus (Evaniidae) 196, 199 
Exaerete (Apidae) 657-8, 681 
Exallonyx (Proctotrupidae) 218-19, 

222 
Exallopyga (Chrysididae) 482, 487 
Exarete (Apidae) 78 
Exasticolus (Braconidae) 437, 456 
Exenterini 18, 20, 430 
Exetastes (Ichneumonidae) 25, 394, 

410 
Exix (Braconidae) 460 
Exochrysis (Chrysididae) 486, 487 
Exochus (Ichneumonidae) 395, 422, 

423 
Exomalopsini 655, 657, 676-7 
Exomalopsis (Apidae) 86, 676 
Exophthalmus (Curculionidae) 245, 

318 
Exoristobia (Encyrtidae) 303, 308 
Exothecinae 441, 447, 454-5 


Fagaceae 6, 33, 170, 189 

Fanniidae 84 

Fedtschenkiinae 540 

Feltiella (Cecidomyiidae) 203 

Ficus (Moraceae) 3, 35, 170, 273-8, 
282, 367, 379-80, 383, 453 


Fideliinae 651 

Fidobia (Platygastridae) 245 

Figites (Figitidae) 264, 265 

FIGITIDAE 14, 123, 144-5, 205, 247, 
253-4, 259-65 

Figitinae 38-9, 48, 50, 247, 260, 
261-5 

Figitini 247, 260 

Flacopimpla (Ichneumonidae) 429 

Flacourtiaceae 599 

Flatidae 503 

Florilegus (Apidae) 675 

Foenatopus (Stephanidae) 19, 181, 
183, 184 

Foersterella (Tetracampidae) 377 

Fopius (Braconidae) 461 

Forcipestricis (Encyrtidae) 304, 308 

FORMICIDAE 14, 16, 24-5, 29, 35-9, 
66-7, 69-70, 72, 75-7, 78-9, 
81-3, 85, 87, 89-92, 94, 98-100, 
123, 129-30, 145-151, 155, 
227-8, 324, 505-6, 548, 
588-620 

Formicinae 26, 35, 75-6, 92, 312, 
588, 601, 618-20 

Fornicia (Braconidae) 460 

Foxia (Sphecidae) 644 

Foxita (Sphecidae) 641, 644 

Fulgoridae 503 

Fulgoroidea 239, 242, 465, 495, 648 

Fustiserphus (Proctotrupidae) 219 


Gaesischia (Apidae) 675 

Gahaniella (Encyrtidae) 302, 303, 308 

Galaeopsmyia (Eulophidae) 327, 328 

Ganaspidium (Figitidae) 263 

Ganaspis (Figitidae) 263-4 

Ganodes (Ichneumonidae) 51, 429 

GASTERUPTIIDAE 14, 29, 36, 39, 78, 
145, 185, 187, 193-5 

Gasteruptiinae 194 

Gasteruption (Gasteruptiidae) 194, 195 

Gastracanthus (Pteromalidae) 366 

Gastrancistrus (Pteromalidae) 356, 366 

Gayella (Vespidae) 564-5 

Gayellini 564-5 

Gelastrocoridae 239 

Gelechiidae 97, 303, 383, 448, 452, 
456, 458, 461 

Gelechioidea 451, 471 

Gelinae (= Cryptinae) 

Gelis (Ichneumonidae) 50, 390, 394, 
415 

Geometridae 409, 417, 425, 456-7, 
460 

Geometroidea 462 

Geophilomorphidae 593 

Gerridae 230 

Gesneriaceae 9 


Gigasiricidae# 140 

Glamyromyrmex (Formicidae) 614 

Glenosema (Bethylidae) 18, 474, 478 

Glenostictia (Sphecidae) 648 

Glossinidae 542 

Glypta (Ichneumonidae) 410 

Glyptapanteles (Braconidae) 96-7, 434, 
438, 459-60 

Glyptocolastes (Braconidae) 453 

Gnamptodon (Braconidae) 455 

Gnamptodontinae 437, 439, 447, 455 

Gnamptogenys (Formicidae) 591, 593, 
605 

Gnaphosidae 524, 530-2, 534-5 

Gnathopleura (Braconidae) 448 

Goetheana (Eulophidae) 324, 325 

Gonadryinus (Dryinidae) 503 

Gonatocerinae 345 

Gonatocerus (Mymaridae) 346, 348 

Gonatopodinae 494-5, 497, 499, 503 

Gonatopus (Dryinidae) 97, 498-9, 503 

Goniozus (Bethylidae) 78, 96, 471-2, 
477,478 

Gonipterus (Curculionidae) 347 

Gorytes (Sphecidae) 645 

Gorytini 627-30, 636, 645-8 

Gouania (Rhamnaceae) 367, 450 

Gracillariidae 303, 325, 461-2 

Gramineae 157, 159, 338, 342 

Gravenhorstia (Ichneumonidae) 409 

Gravenhorstiini 398 

Gronaulax (Braconidae) 436 

Gronotoma (Figitidae) 264 

Grotea (Ichneumonidae) 79, 419 

Groteinae 36 

Grotiusomyia (Eulophidae) 327 

Gryllacrididae 637 

Gryllidae 87, 237, 334, 346, 348, 
549, 637, 639 

Grylloblattaria 38 

Gryllotalpidae 516, 629 

Gryon (Scelionidae) 21, 238 

Gryonini 233, 237-8 

Gryonoides (Scelionidae) 239 

Guarea (Meliaceae) 599-600 

Guazuma (Sterculicaeae) 337 

Guiglia (Orussidae) 179 

Guigliini 179 

Gymnopria (Diapriidae) 84, 228 

Gyranusoidea (Encyrtidae) 302, 304, 
308 


Habitrys (Pteromalidae) 85 

Habralictus (Apidae) 669 

Habrobracon (Braconidae) 433-4, 436, 
450 

Habrolepis (Encyrtidae) 304, 306 

Habronyx (Ichneumonidae) 409 

Hadromymar (Mymaridae) 19, 348 


878 — 


Haeckeliania (Trichogrammatidae) 387 

Haematoxylon (Leguminosae) 375 

Halictinae 19, 83, 543-4, 649, 651-7, 
660, 665-70 

Halictini 668-70 

Halictus (Apidae) 311, 543, 654, 658, 
665, 668, 669 

Halsteadium (Chalcididae) 297-8 

Haltichella (Chalcididae) 291, 297 

Haltichellinae 18-19, 290, 297-8 

Haltichellini 290, 293. 

Halticoptera (Pteromalidae) 357-8, 
366 

Hambletonia (Encyrtidae) 302, 308 

Hamelia (Rubiaceae) 53, 173, 312 

Hansonita (Pteromalidae) 279, 367 

Hapalomellinus (Sphecidae) 645 

Hapithus (Gryllidae) 549 

Haplogonatopus (Dryinidae) 97, 498, 
503 


Haplostegus (Pergidae) 170, 171 

Hapsinotus (Ichneumonidae) 410, 

Harpactus (Sphecidae) 645 

Hecabolus (Braconidae) 453 

Hedychridium (Chrysididae) 18, 481-2, 
487 

Hedychrum (Chrysididae) 481-2, 487 

Heerz (Braconidae) 453 

Heimbra (Eurytomidae) 341 

Heimbrinae 337, 339, 341 

Helconinae 433, 441, 446, 449, 451, 
455 

Helconini 455 

Helegonatopus (Encyrtidae) 302, 303, 
308 

Helicoverpa (Noctuidae) 386 

Helicteres (Sterculiaceae) 450 

Helictes (Ichneumonidae) 428 

Heliocausini 636 

Heliothis (Noctuidae) 59, 64, 438 

HELORIDAE 14, 38, 138, 1413, 145, 
209, 212, 214-16, 247 

Heloriserphus (Proctotrupidae) 217 

Helorus (Heloridae) 214, 215-16 

Hemadas (Pteromalidae) 355, 365 

Hemerobiidae 49, 260, 302 

Hemidianura (Argidae) 167 

Hemidula (Sphecidae) 648 

Hemigaster (Ichneumonidae) 415 

Hemipepsis (Pompilidae) 524—5, 530 

Hemiptarsenus (Eulophidae) 327 

Hemiptera 38, 49, 230-1, 237, 239, 
241, 266, 304, 325, 346, 355, 
384—5, 387-8, 432, 454, 626, 
628, 639 

Hemisiella (Apidae) 659 

Hepialidae 457 

Herbertia (Pteromalidae) 20, 365 

Herbertiinae 359, 365 

Heriades (Apidae) 671 


Hesperapis (Apidae) 87 
Hesperiidae 448, 460 
Heterandrium (Agaonidae) 279, 281 
Heterarthrinae 32, 157, 173 
Heterocentris (Apidae) 659 
Heterogyna (Sphecidae) 622 
Heterogynainae 622 
Heteroperryia (Pergidae) 170 
Heteropodidae 524, 532 
Heteroponera (Formicidae) 605 
Heteropsylla (Psyllidae) 99, 307, 318 
Heteroptera (see Hemiptera) 331, 335 
Heterosarus (Apidae) 670 
Heteroschema (Pteromalidae) 367 
Heterospilus (Braconidae) 78, 452 
Hexacladia (Encyrtidae) 302, 306, 308 
Hexacola (Figitidae) 264 
Heydeniini 362 
Himalocynipidae 144, 247 
Hippelates (Chloropidae) 224 
Hirticauda (Eupelmidae) 334 
Hispinae 298 
Histeridae 84, 87 
Hockeria (Chalcididae) 290-2, 297 
Holcopasites (Apidae) 657 
Holcopelte (Eulophidae) 324, 325 
Holcorhopalum (Sphecidae) 641, 644 
Holepyris (Bethylidae) 98, 474, 478 
Holophris (Chrysididae) 482, 487 
Holopyga (Chrysididae) 481-2, 487 
Homaloceraphron (Ceraphronidae) 201, 
203 
Homalopoda (Encyrtidae) 302, 308 
Homalotylus (Encyrtidae) 303, 308 
Homolobinae 437, 440, 446, 456 
Homolobus (Braconidae) 97, 437-8, 
456 
Homonotus (Pompilidae) 524 


Homoptera 10-11, 17-18, 21, 24, 38, 


50, 83, 91, 94, 201, 251, 261, 
266, 302, 304, 331, 335, 346, 
348, 355, 367, 371, 384-5, 
387-8, 432, 577, 592, 600, 615, 
617, 626, 647-8 

Hoplisoides (Sphecidae) 487, 579, 622, 
629, 644, 645 

Hoplitus (Apidae) 194 

Hoplocrates (Mutillidae) 545 

Hoplocrepis (Eulophidae) 326, 327 

Hoplocryptus (Ichneumonidae) 79 

Hoplognathoca (Mutillidae) 544-5, 548 

Hoplomutilla (Mutillidae) 543-4, 548 

Hoplostelis (Apidae) 657, 672 

Horcomutilla (Mutillidae) 545 

Horismenus (Eulophidae) 316-17, 
323-4, 325 

Hormiinae 431, 437, 441, 447-8, 
453, 456, 461 

Hormius (Braconidae) 432, 456 

Huarapea (Sapygidae) 540-1 


Huavea (Sphecidae) 640 

Hubbardiella (Eulophidae) 326 

Huntleya (Orchidaceae) 246 

Hyalotrupes (Cerambycidae) 469 

Hybothoracini 290, 293 

Hybrizon (Ichneumonidae) 79 

Hydrangeocola (Braconidae) 462 

Hydrangeocolini 462 

Hydrophylita (Trichogrammatidae) 20, 
385, 387 

Hylaeinae 651-3, 655-6, 660, 664 

Hylaena (Apidae) 664 

Hylaeopsis (Apidae) 664 

Hylaeus (Apidae) 194, 664 

Hylomyrma (Formicidae) 608, 614 

Hymenaea (Leguminosae) 164 

Hymenoepimecis (Ichneumonidae) 429 

Hymenoptera 201, 266, 290, 316, 
325, 328-9, 331, 350, 352, 355, 
369, 379, 388, 432, 450, 454 

Hypalastoroides (Vespidae) 566, 569, 
573 

Hypanthidioides (Apidae) 672 

Hypanthidium (Apidae) 672 

Hypoclinea (Formicidae) 617 

Hypodynerus (Vespidae) 87 

Hypomicrogaster (Braconidae) 438, 460 

Hyponysson (Sphecidae) 644 

Hypoponera (Formicidae) 589, 591, 
606 

Hyposoter (Ichneumonidae) 51, 394, 
412, 579 

Hypothenemus (Scolytidae) 95, 317, 
473 

Hypsicera (Ichneumonidae) 98, 422, 
423 

Hypsiphila (Pyralidae) 386 

Hyptia (Evaniidae) 196-7, 199 

Hyptiogastrinae 194 

Hyssopus (Eulophidae) 326, 327 


Ibalia (Ibaliidae) 257—8 

IBALIIDAE 14, 38-9, 144-5, 247, 
253, 256-9 

Ibaliinae 247, 257-8 

Ibaliini 247, 257 

Ichneumon (Ichneumonidae) 418 

ICHNEUMONIDAE 5, 14, 17-21, 
24—7, 30-2, 36, 38-41, 43—56, 
61-2, 64—5, 77, 79, 92, 94, 96-7, 
122-3, 144—5, 155, 192, 201, 
2912981303, 337, 25153350 
389, 390-431 

Ichneumoninae 26, 43, 122, 393-7, 
417-19 

Ichneumonoidea 5, 12, 14-15, 25, 27, 
29, 31, 33—4, 42, 46, 68, 121, 
126-8, 140-2, 144-6, 150, 187, 
291, 379, 389-90 


Ichneumonomorpha 139-41 
Ichneutidea (Braconidae) 456 
Ichneutinae 433, 440, 446, 456 
Idarnes (Agaonidae) 277-8, 281, 282 
Idionysson (Sphecidae) 644 

Idiotypa (Diapriidae) 228 

Idris (Scelionidae) 236 

Ilex (Aquifoliaceae) 381 

Illidops (Braconidae) 460 

Incalia (Pergidae) 19, 170—1, 172 
Incurvariidae 448, 452 

Inea (Tenthredinidae) 175 

Inga (Leguminosae) 164, 366, 376 
Inostemma (Platygastridae) 242, 245 
Inostemmatinae 242-3 
Iphitrachelus (Platygastridae) 245 
Ipobracon (Braconidae) 436 
Ipomoea (Convolvulaceae) 24 
Ipsiura (Chrysididae) 481, 486, 487 
Irenangelus (Pompilidae) 80, 539 
Iridomyrmex (Formicidae) 84, 617 
Isdromas (Ichneumonidae) 416 
Iseropus (Ichneumonidae) 393, 429 
Ismarinae 223-4, 227 

Ismarus (Diapriidae) 227 

Isodontia (Sphecidae) 87, 623, 637 
Isodromus (Encyrtidae) 302, 308 
Isomerala (Eucharitidae) 312, 313 
Isomeris (Ichneumonidae) 410 
Isopoda 39, 593, 605 

Isoptera 38, 577, 593 

Isosomodes (Eupelmidae) 339, 342 
Isostasius (Platygastridae) 245 
Issidae 502-3 

Itamoplex (Ichneumonidae) 415 
Itoplectis (Ichneumonidae) 55, 429 
Ittys (Trichogrammatidae) 387 
Ixodidae 39, 302 

Ixodiphagus (Encyrtidae) 302, 308 


Janzenia (Braconidae) 453 

Janzophion (Ichneumonidae) 425, 427 

Japygidae 593 

Johnsonius (Braconidae) 453 

Joppa (Ichneumonidae) 92, 395, 418 

Joppidium (Ichneumonidae) 394, 416, 
579 

Joppocryptus (Ichneumonidae) 418 

Juglandaceae 6, 170 

Juncus (Juncaceae) 450 

Juniperus (Cupressaceae) 337 


Kaltenbachia (Ichneumonidae) 79 
Kapala (Eucharitidae) 312, 313 
Kermesidae 302 

Kerridae 302 

Kiefferiella (Ibaliidae) 258 
Kleidotoma (Figitidae) 263—4 


Kratoysma (Eulophidae) 324, 325 
Krokella (Mymaridae) 349 
Krombeinia (Tiphiidae) 522 
Krombeinius (Perilampidae) 352 
Kulcania (Orussidae) 179, 180 


Labena (Ichneumonidae) 419 

Labeninae 18, 77, 80, 390, 393—4, 
399, 419 

Labidogonalos (Trigonalyidae) 191, 
579 

Labidopria (Diapriidae) 86, 228 

Labidus (Formicidae) 228, 594, 607, 
609 

Labium (Ichneumonidae) 80 

Lachnomyrmex (Formicidae) 608, 616 

Laelius (Bethylidae) 471-2, 474, 478 

Laepserus (Ichneumonidae) 428 

Laesthiola (Pteromalidae) 362 

Lagariidae 291, 297 

Lagideus (Pergidae) 172 

Lagynodes (Megaspilidae) 205, 207 

Lagynodinae 205, 207 

Lambdobregma (Eupelmidae) 330, 334 

Lamennaisia (Encyrtidae) 302, 303, 
308 

Lamprocryptidea (Ichneumonidae) 416 

Languriidae 452 

Lantana (Verbenaceae) 367, 450 

Laphryagoginae 622 

Lapitha (Scelionidae) 238 

Lariophagus (Pteromalidae) 98, 358, 
368 

Larissimus (Braconidae) 460 

Larra (Sphecidae) 67, 98, 622-3, 629, 
639 

Larrinae (= Crabroninae) 145, 622 

Larrini 623, 626-7, 631, 636, 639 

Larropsis (Sphecidae) 639 

Lasiacis (Gramineae) 450 

Lasiocampidae 425, 458 

Lasiochalcidia (Chalcididae) 292 

Lasioglossum (Apidae) 654, 665, 668, 
669 

Lasiophorus (Braconidae) 450 

Lasius (Formicidae) 312 

Lathrapanteles (Braconidae) 460 

Lathridiidae 82, 303 

Lathrogramma (Trichogrammatidae) 
387 

Lathrolestes (Ichneumonidae) 417 

Lathromeroidea (Trichogrammatidae) 
387, 388 

Latosculum (Ichneumonidae) 416 

Latrodectus (Theridiidae) 98, 236, 338 

Lauraceae 599, 620 

Lecaniobius (Eupelmidae) 332, 335 

Lecanium (Coccidae) 364 

Lecanodiaspididae 302 


Lecanodiaspis (Lecanodiaspididae) 364 

Lecrenierus (Sphecidae) 641, 644 

Leguminosae 34, 35, 338, 342, 375, 
452 

Leiodidae 84 

Leiophron (Braconidae) 454 

Leipomeles (Vespidae) 19, 576-7, 581, 
586 

Lelaps (Pteromalidae) 364 

Leluthia (Braconidae) 453 

Lepidopria (Diapriidae) 223 

Lepidoptera 1, 4, 12, 17, 38, 43, 59, 
61, 64-6, 68, 84, 94, 188, 190, 
192, 230-1, 239, 241, 266, 
290-2, 296-8, 303, 304, 316-7, 
324-9, 331, 334-5, 348, 351-2, 
355-6, 369, 379-80, 383-5, 388, 
411, 412, 416, 420, 422, 432, 
450, 460-2, 464, 471, 478, 480, 
566-7, 573-4, 577, 626, 638, 
644 

Lepidosternopsis (Bethylidae) 478 

Lepiota (Agaricaceae) 595 

Leptacis (Platygastridae) 243, 245 

Leptinotarsa (Chrysomelidae) 324 

Leptochilus (Vespidae) 569, 573 

Leptodon (Accipitridae) 576 

Leptodrepana (Braconidae) 451-2 

Leptofoeninae 266, 358, 365 

Leptofoenus (Pteromalidae) 365 

Leptogenys (Formicidae) 593, 606 

Leptomastidea (Encyrtidae) 96, 302, 
304-5, 307-8 

Leptomastix (Encyrtidae) 96, 302, 
304-5, 307-8 

Leptophobia (Pieridae) 293 

Leptopilina (Figitidae) 53, 62, 263-4 

Leptopimpla (Ichneumonidae) 19, 429 

Leptorussini 180 

Leptoteleia (Scelionidae) 230, 233, 238 

Leptothorax (Formicidae) 312, 608-9, 
614 

Lestica (Sphecidae) 623, 626, 641, 
644 

Lestiphorus (Sphecidae) 18, 635, 641, 
647 

Lestis (Apidae) 678 

Lestrimelitta (Apidae) 80, 658, 683-5, 
687, 689 

Leucaena (Leguminosae) 318 

Leucoagaricus (Agaricaceae) 595 

Leucobalanus (Fagaceae) 256 

Leucocoprinus (Agaricaceae) 595 

Leucophobetron (Limacodidae) 379 

Leucoptera (Lyonetiidae) 96, 99, 319, 
438, 459, 462 

LEUCOSPIDAE 14, 24, 39, 77, 86, 
145, 267, 342-4 

Leucospis (Leucospidae) 343, 344, 579 

Leurus (Ichneumonidae) 422, 423 


880. 


Licaria (Lauraceae) 599 

Licrooides (Eupelmidae) 330, 334 

Liliacina (Tenthredinidae) 175 

Limacodidae 26, 291, 328, 416, 460, 
462, 542 

Limonethe (Ichneumonidae) 418 

Lindenius (Sphecidae) 640 

Linepithema (Formicidae) 616, 617 

Liobracon (Braconidae) 453 

Liodontomerus (Torymidae) 379, 381 

Liogorytes (Sphecidae) 645 

Liopteridae 144 

Liopterini 195, 247, 257 

Liopteron (Ibaliidae) 258 

Liosphex (Rhopalosomatidae) 548-51, 
552 

Lirencyrtus (Encyrtidae) 308 


Liriomyza (Agromyzidae) 97, 263, 317, 


319, 358, 366, 438, 
Liris (Sphecidae) 623, 639 
Lispixys (Braconidae) 456 
Lissaspis (Ichneumonidae) 416 
Lisseurytomella (Eulophidae) 35, 328 
Lissocaulus (Ichneumonidae) 410 
Lissonota (Ichneumonidae) 410 
Lithobiidae 218, 222 
Lithurge (Apidae) 653, 656, 671 
Lithurginae 651-2, 655, 660, 671 
Litus (Mymaridae) 346, 348 
Lobaegis (Ichneumonidae) 418 
Loboceratinae 171 
Loboptera (Blatellidae) 196 
Loboscelidiinae 464, 479—80 
Lochitoencytrus (Encyrtidae) 308 
Lonchocarpus (Leguminosae) 164, 
375-6, 459 
Lonchodryinus (Dryinidae) 502 
Lonchopteridae 448 
Lophojoppa (Ichneumonidae) 418 
Lophomutilla (Mutillidae) 545, 548 
Lophopidae 503 
Lophostigma (Mutillidae) 548 
Lophyrocera (Eucharitidae) 313 
Losada (Sphecidae) 644 
Loxodocus (Ichneumonidae) 410 
Luehea (Tiliaceae) 170, 450 
Lusius (Ichneumonidae) 418 
Lycaenidae 83-4, 417, 458, 462 
Lycisca (Pteromalidae) 363 
Lyciscini 362-3 
Lycogaster (Trigonalyidae) 18, 187, 
189-90, 191, 579 
Lycogastrinae 187 
Lycorina (Ichneumonidae) 419 
Lycorininae 398, 419-20 
Lycosa (Lycosidae) 530, 535 
Lycosidae 524, 530-1, 535, 537, 538 
Lyctidae 334, 362, 452, 471 
Lygaeidae 238, 481, 640 
Lymantria (Lymantriidae) 332 


Lymantriidae 425 

Lymeon (Ichneumonidae) 416 
Lyonetiidae 96, 303, 459-60, 462 
Lyrcus (Pteromalidae) 368 

Lyroda (Sphecidae) 639 
Lysiphlebus (Braconidae) 61, 449 
Lysitermes (Braconidae) 456 
Lytopsenella (Bethylidae) 478. 
Lytoxysta (Figitidae) 261 


Machaerium (Leguminosae) 164, 374 

Macreupelmus (Eupelmidae) 335 

Macrocentrinae 433, 437, 439, 446, 
456 a 

Macrocentrus (Braconidae) 48, 96, 
437-8, 456 l 

Macroglenes (Pteromalidae) 356, 366 

Macrojoppa (Ichneumonidae) 418 

Macroneura (Eupelmidae) 331-2, 334 

Macrorileya (Eurytomidae) 337 

Macroteleia (Scelionidae) 236 

Macroxyelinae 139 

Magnoliaceae 6 

Mahencyrtus (Encyrtidae) 308 

Mallochia (Ichneumonidae) 416 

Mallochia (Tiphiidae) 522 

Malvaceae 461 

Manaos (Argidae) 163—4, 166, 167 

Manduca (Sphingidae) 99 

Mantidae 639 

Mantispidae 87 

Mantodea 38, 230, 237, 266, 325, 
331 335 18383. 

Manuelia (Apidae) 677 

Margarodidae 302 

Marietta (Aphelinidae) 284, 286, 288 

Masarinae 16, 19, 29, 35, 70, 144, 
506, 562, 564-5 

Masarini 564-5 

Masonius (Braconidae) 453 

Mastrus (Ichneumonidae) 416 

Matara (Ichneumonidae) 418 

Mecoptera 38, 205 

Megabracon (Braconidae) 450 

Megaceratina (Apidae) 677 

Megachile (Apidae) 194, 541, 656-7, 
672, 673 

Megachilinae 18, 29, 540, 544, 
651-3, 655-7, 660, 671-2 

Megachilini 672-3 

Megaloblatta (Blattidae) 196 

MEGALODONTIDAE 13-14, 145, 159 

Megalodontoidea 5, 14, 138—40, 142, 
145, 157, 159, 416 

Megalomyrmex (Formicidae) 80, 591, 
608, 615 

Megaloproctus (Braconidae) 453 

Megalopta (Apidae) 21, 655, 666, 667 

Megalopygidae 291 


MEGALYRIDAE 13-14, 41, 77, 138, 
140-1, 145, 185, 389 

Megalyroidea 5, 14, 140, 142, 145, 
185 

Meganomiinae 651 

Megaphragma (Trichogrammatidae) 
266, 384, 387 

Megaplastopria (Diapriidae) 228 

MEGASPILIDAE 14, 38-9, 49, 123, 
141, 145, 185, 187, 201, 203-8, 
209, 362 

Megaspilinae 205, 207 

Megaspilus (Megaspilidae) 205, 207 

Megastigminae 378-80, 381 

Megastigmus (Torymidae) 35, 378-80, 
381 

Megastylus (Ichneumonidae) 428 

Megatiphia (Tiphiidae) 522 

Meggoleus (Ichneumonidae) 430 

Megischus (Stephanidae) 181-2, 184 

Megistommum (Sphecidae) 579, 629, 
645, 647 

Megommation (Apidae) 19, 667 

Melandryidae 219, 455, 458 

Melanips (Figitidae) 264, 265 

Melanoplus (Acrididae) 239 

Melanosmicra (Chalcididae) 296 

Melanosomellini 365 

Melanozosteria (Blattidae) 197 

Melanthera (Compositae) 24 

Melastomataceae 9, 599 

Melete (Pieridae) 337 

Meliaceae 599, 620 

Meligithes (Nitidulidae) 455 

Melipona (Apidae) 100, 659, 682, 
684-7, 689-90 

Meliponinae 70, 72, 87, 90, 92, 
651-3, 655-6, 660, 682-90 

Melissodes (Apidae) 658, 675 

Melissoptila (Apidae) 675-6 

Melitoma (Apidae) 655, 674—5 

Melittinae 651-2 

Melittobia (Eulophidae) 42, 78, 124, 
317-8, 327, 328 

Mellinini 627-8, 630, 636, 644 

Mellinus (Sphecidae) 623, 625-6, 629, 
635, 644 

Meloidae 84-5 

Membracidae 302, 346, 348-9, 388, 
495, 502, 592, 647-8 

Mendesella (Braconidae) 456 

Mendesellinae 440, 446, 456-7 

Mengenellidae 291 

Meniscocephalus (Encyrtidae) 302, 308 

Meniscomorpha (Ichneumonidae) 410 

Meromyzobia (Encyrtidae) 302, 303, 
308 

Mesitinae 471 

Mesocheira (Apidae) 657, 675 

Mesochorinae 49, 398-9, 420 


Mesochorus (Ichneumonidae) 420 

Mesocoelus (Braconidae) 448 

Mesocomys (Eupelmidae) 331 

Mesoleius (Ichneumonidae) 62 

Mesopeltita (Pteromalidae) 364 

Mesoplia (Apidae) 657, 675 

Mesostenini (= Cryptini) 415 

Messatoporus (Ichneumonidae) 416 

Metaclisis (Platygastridae) 245 

Metanopedias (Platygastridae) 245 

Metanysson (Sphecidae) 644 

Metapedias (Tenthredinidae) 158, 173, 
174 

Metapelma (Eupelmidae) 330, 334 

Metapelmatinae (= Neanastatinae) 330 

Metaphycus (Encyrtidae) 302, 306-7, 
309 

Metaplectrus (Eulophidae) 326, 327 

Metapolybia (Vespidae) 576-7, 581, 
585, 586 

Metastenus (Pteromalidae) 355-7, 368 

Meteorideinae 431, 433, 

Meteorinae 431, 437, 440, 446, 
457-9 

Meteorus (Baconidae) 27, 96, 435, 
437-8, 457-8, 

Methocha (Tiphiidae) 517-8, 521 

Methochinae 515-6, 518, 521, 588 

Metopiinae 394—5, 398, 420-22 

Metopius (Ichneumonidae) 420, 422, 
423 

Microbembex (Sphecidae) 622-3, 625, 
627-9, 648 

Microcharops (Ichneumonidae) 396, 
411-12 

Microcoryphyia 38 

Microctonus (Braconidae) 454 

Microdon (Syrphidae) 228, 325 

Microdonophagus (Eulophidae) 324, 
325 

Microgaster (Baconidae) 435 

Microgastrinae 15, 18, 27, 46-7, 96, 
331, 337, 356, 358, 433-7, 439, 
446, 459, 460 

Microleptinae 392 

Microplitis (Braconidae) 46, 54—5, 59, 
61, 97, 306, 438, 460 

Microprobolus (Tanaostigmatidae) 375, 
376 

Microsage (Ichneumonidae) 418 

Microsphecodes (Apidae) 657, 669 

Microstictia (Sphecidae) 648 

Microstigmus (Sphecidae) 19, 69, 78-9, 
369, 452, 478, 624—6, 631, 638 

Microterys (Encyrtidae) 302, 304, 305, 
309 

Microthurge (Apidae) 671 

Microtypini 461 

Milichiidae 84 

Mimopria (Diapriidae) 78, 228 


Mimosa (Leguminosae) 256 

Mimumesa (Sphecidae) 18, 487, 631, 
638 

Minagenia (Pompilidae) 524, 529, 530 

Minapis (Tanaostigmatidae) 375 

Minixi (Vespidae) 567, 569, 573 

Minotocyphus (Pompilidae) 539 

Miomoptera 138 

Miotella (Diapriidae) 227 

Miotropis (Eulophidae) 96, 317, 326, 
327 

Miracinae 437, 439, 446, 459 

Mirax (Braconidae) 459 

Miridae 49, 346, 348-9, 640 

Miristhma (Pteromalidae) 368 

Mirufens (Trichogrammatidae) 387 

Mischocyttarini 72, 574, 585 

Mischocyttarus (Vespidae) 79, 86-7, 
562, 574-6, 579-80, 585 

Miscogaster (Pteromalidae) 357 

Miscogastrinae 96 

Miscogastrini 355, 366 

Miscophini 623, 631, 636, 639 

Miscophus (Sphecidae) 626, 639 

Miscoserphus (Proctotrupidae) 219 

Mnioes (Ichneumonidae) 410 

Mocis (Noctuidae) 97, 396, 438 

Mocsaryini 180 

Momphidae 457 

Monacis (Formicidae) 617 

Monacon (Perilampidae) 352 

Mongolocampinae 377 

Moniaecera (Sphecidae) 640 

Monitoriella (Braconidae) 34, 432, 
453-4 

Monobia (Vespidae) 87, 567, 573, 573, 
579 

Monoctonus (Braconidae) 449 

Monodontomerinae 79, 267, 311, 
378-9, 381-3 

Monodontomerini 378, 381-3 

Monodontomerus (Torymidae) 379, 
381-3 

Monoeca (Apidae) 676 

Monolexis (Braconidae) 453 

MONOMACHIDAE 14, 18, 20, 39, 
141-3, 145, 209, 212-13 

Monomachus (Monomachidae) 213 

Monomorium (Formicidae) 83, 93, 99, 
589, 608, 615 

Montezumia (Vespidae) 85, 87, 566-7, 
569; 5735/9. 

Moranila (Pteromalidae) 364 

Moranilini 364 

Mordellidae 452, 455 

Mucrencyrtus (Encyrtidae) 302, 309 

Muesebeckia (Braconidae) 456 

Musca (Muscidae) 98, 358 

Muscidae 228, 262, 265, 297, 303, 
328, 358, 369 


Muscidifurax (Pteromalidae) 47, 98, 
355, 357-8, 368 

Muscoidea 291, 640, 644 

MUTILLIDAE 14, 21, 38-9, 67-8, 79, 
92, 122-3, 145, 156, 231, 504—5, 
507, 541-8, 552, 579, 588 

Mutillinae 542, 545—6, 548 

Mutillini 542, 546, 548 

Mycetophagidae 219 

Mycetophilidae 218, 219, 223, 227, 
427 

Mycocepurus (Formicidae) 612 

Mydidae 84 

Mydrosoma (Apidae) 664 

Mymar (Mymaridae) 349 

MYMARIDAE 14, 38-9, 47, 63, 94, 
96—7, 145, 266, 267, 344—9, 

Mymarinae 345 

MYMAROMMATIDAE 13-14, 141-2, 
145, 266, 267 

Mymarommatoidea 142 

Myosoma (Braconidae) 450 

Myrcidris (Formicidae) 609 

Myriapoda 593 

Myrmecolacidae 85, 87 

Myrmecomymar (Mymaridae) 348 

Myrmelachista (Formicidae) 83, 591, 
599—600, 619-20 

Myrmeleontidae 292 

Myrmica (Formicidae) 84 

Myrmicinae 35, 75-6, 312, 588, 593, 
601, 609-16 

Myrmicocrypta (Formicidae) 612 

Myrmilliinae 542 

Myrmosinae 541 

Myrtaceae 170, 256, 338 

Myrtopsen (Cynipidae) 256 

Mystacagenia (Pompilidae) 531, 532 

Myzininae 515-16, 518, 521 

Myzinum (Tiphiidae) 518, 521 

Myzus (Aphididae) 97, 438, 449 


Nabidae 346 

Nanium (Ichneumonidae) 417 

Nannocerus (Torymidae) 379, 381 

Nannotrigona (Apidae) 683-6, 689, 
690 

Nanotopsis (Mutillidae) 545 

Nasonia (Pteromalidae) 58, 355-6, 
368 

Nasutitermes (Nasutitermitidae) 463, 
583 

Nealiolus (Braconidae) 455 

Neanastatinae 330-3, 334 

Neanastatus (Eupelmidae) 331 

Necremnus (Eulophidae) 326, 327 

Nectandra (Lauraceae) 258 

Nectarinella (Vespidae) 19, 576, 581, 
586 


Neivamyrmex (Formicidae) 593-4, 
607, 609 

Neliopisthus (Ichneumonidae) 430 

Nematinae 28, 32, 33, 157, 173-5, 
17455, 193 

Nematoda 39 

Nematus (Tenthredinidae) 175 

Nemobiinae 230, 238 

Nemobius (Gryllidae) 549 

Neobia (Platygastridae) 245 

Neocalosoter (Pteromalidae) 362 

Neocatolaccus (Pteromalidae) 368 

Neochrysis (Chrysididae) 481, 486, 
488 

Neochrysocharis (Eulophidae) 318, 
323-4, 325 

Neococcidencyrtus (Encyrtidae) 302, 
309 

Neocorynura (Apidae) 667 

Neodiprion (Diprionidae) 352 

Neoditomyia (Mycetophilidae) 427 

Neodryinus (Dryinidae) 503 

Neodusmetia (Encyrtidae) 302, 307, 
308 

Neogorytes (Sphecidae) 19, 579, 629, 
631, 645, 647 

Neogreeneia (Ichneumonidae) 409 

Neolithus (Triozidae) 328 

Neomymar (Mymaridae) 349 

Neoneurinae 431 

Neonysson (Sphecidae) 644 

Neopalachia (Torymidae) 380 

Neoplisus (Sphecidae) 579, 629, 645, 
648 

Neopomphale (Eulophidae) 324, 325 

Neoptilia (Argidae) 166, 167 

Neorhacodinae 392 

Neorileya (Eurytomidae) 20, 337, 339, 
341 

Neostruma (Formicidae) 589, 614 

Neostylopyga (Blattidae) 196 

Neotheronia (Ichneumonidae) 52, 79, 
395, 429, 579 

Neothoron (Scelionidae) 233, 239 

Neotiphia (Tiphiidae) 522 

Neotrichoporoides (Eulophidae) 327, 
328 

Nepidae 239 

Nepticulidae 303, 447, 455, 459 

Neralsia (Figitidae) 264, 265 

Nervellius (Braconidae) 453 

Nesepyris (Bethylidae) 478 

Nesogyne (Chrysididae) 486 

Netelia (Ichneumonidae) 21, 24, 393, 
395, 399, 431 

Netomocera (Pteromalidae) 364 

Neuroptera 38, 201, 209, 251, 266, 
290, 328, 331, 355, 388, 454 

Neuroterus (Cynipidae) 256 

Nezara (Pentatomidae) 231, 307 


Nicoletiidae 84 

Nipaecoccus (Pseudococcidae) 307 

Nitela (Sphecidae) 626, 639 

Nitidulidae 219, 303, 351, 353, 449, 
455 

Noctuidae 97, 307, 386, 409, 425, 
448, 450, 456, 457, 460, 462, 
638, 644 S 

Noctuoidea 462 

Nogodinidae 503 

Nomada (Apidae) 657-8, 673 

Nomadina (Frigonalyidae) 19, 187-8, 
191 $ 

Nomadinae 651-2, 656-7, 660, 673 

Nomadininae 187 E 

Nomamyrmex (Formicidae) 607, 609 

Nomiinae 651-2 

Nomioidini 665 

Nomosphecia (Ichneumonidae) 79, 429 

Nonectidae 385 

Nonnus (Ichneumonidae) 412 

Norbanus (Pteromalidae) 368 

Notacma (Ichneumonidae) 418 

Notaniscus (Pteromalidae) 363 

Notaspidium (Chalcididae) 291, 298 

Nothoblattidae 85 

Nothofagus (Fagaceae) 254 

Notiospathius (Braconidae) 452 

Notocyphinae 523, 526, 539 

Notocyphus (Pompilidae) 44, 524, 529, 
539 

Notodontidae 425, 458, 460, 638 

Notoglyptus (Pteromalidae) 368 

Nyctibora (Blattidae) 196 

Nymphalidae 291, 328, 458 

Nymphaloidea 369 

Nysson (Sphecidae) 644 

Nyssoninae 18-19, 145, 622-3, 625, 
628, 630-1, 636, 644-9 

Nyssonini 630, 636, 644-5 


Oberthuerella (Ibaliidae) 257-8 

Obeza (Eucharitidae) 312, 313 

Occia (Ichneumonidae) 410 

Ochleroptera (Sphecidae) 629, 645, 
648 

Ochloptera (Sphecidae) 579 

Ocotea (Lauraceae) 599-600 

Octhispa (Chrysomelidae) 299 

Octonoba (Uloboridae) 367 

Octostruma (Formicidae) 613 


Odonata 38, 238, 266, 316, 329, 348, 


385, 387 
Odontacolus (Scelionidae) 236 
Odontobracon (Braconidae) 453 
Odontomachus (Formicidae) 82, 312, 
592-3, 597, 606 
Odontopimpla (Ichneumonidae) 429 
Odontosema (Figitidae) 263-4 


Odontosphecini 636 

Odopoiini 378 

Odyneropsis (Apidae) 579, 657, 673 

Odynerus (Vespidae) 194 

Oecanthinae 230, 237 

Oecanthus (Gryllidae) 238 

Oecophoridae 461 

Oedemopsini 430 

Oedemopsis (Ichneumonidae) 430 

Oedicephalus (Ichneumonidae) 418 

Oenonogastra (Braconidae) 97, 438, 
448 

Oethecoctonus (Scelionidae) 237 

Ogloblinisca (Pteromalidae) 366 

Oiketicus (Psychidae) 96, 291, 438, 
473 

Oligambia (Teratembiidae) 237 

Oligochaeta 39 

Oligomyrmex (Formicidae) 608, 615 

Oligoneurus (Braconidae) 456 

Oligoseta (Trichogrammatidae) 384-5, 
387 

Oligositinae 384 

Oligositini 384 

Olixon (Rhopalosomatidae) 548-51, 
552 

Olyra (Gramineae) 450 

Omalaspis (Figitidae) 261 

Omicron (Vespidae) 567, 569, 573-4 

Omphale (Eulophidae) 323-4, 325 

Omyomymar (Mymaridae) 349 

Onarion (Ichneumonidae) 417 

Oncideres (Cerambycidae) 258 

Oncophanes (Braconidae) 432 

Ooctonus (Mymaridae) 346, 349 

Ooderella (Eupelmidae) 335 

Ooderini 362 

Ooencyrtus (Encyrtidae) 52, 302-7, 
309 

Oomyzus (Eulophidae) 317-18, 327, 
328 

Ootetrastichus (Eulophidae) 316 

Oozetetes (Eupelmidae) 331, 336 

Ophiogastrella (Ichneumonidae) 425, 
427 

Ophion (Ichneumonidae) 21, 97, 395, 
396, 420, 425, 427 

Ophionellus (Ichneumonidae) 390, 409 

Ophioneurus (Trichogrammatidae) 385 

Ophioninae 19, 397, 422-26 

Ophiopterus (Ichneumonidae) 409 

Ophrella (Orussidae) 179, 180 

Ophrynopinae 179 

Ophrynopini 179 

Ophrynopus (Orussidae) 179, 180 

Ophyrnon (Orussidae) 179 

Opiinae 26, 95, 223, 433, 435, 437, 
440-1, 446-8, 459-61 

Opisphanes (Nymphalidae) 358, 385 

Opisthacantha (Scelionidae) 238 


Opius (Braconidae) 56, 97, 438, 459, 
461 

Opsiphanes (Nymphalidae) 293, 396, 

Opuntia 7 

Orasema (Eucharitidae) 311-12, 313 

Oraseminae 310-12, 313 

Orchelimum (Tettigoniidae) 336 

Orchidaceae 9 

Orgilinae 436, 440, 446, 449, 461 

Orgilini 461 

Orgilus (Braconidae) 51, 97, 438, 461 

Orionis (Braconidae) 454 

Ormocerinae 355, 359, 365 

Ormocerus (Pteromalidae) 365 

ORMYRIDAE 14, 39, 145, 268, 
350-51, 377 

Ormyrus (Ormyridae) 350 

Orocharis (Gryllidae) 549 

Orseta (Platygastridae) 245 

Ortezia (Ichneumonidae) 418 

Ortheziidae 302 

Orthocentrinae 20, 53, 122, 394-5, 
398-9, 426-8 

Orthocentrus (Ichneumonidae) 428 

Orthogonalys (Trigonalyidae) 187, 189, 
191 

Orthopelmatinae 392 

Orthoptera 4, 38, 63, 65, 230, 236, 
266, 304, 331, 335, 351, 387, 626 

Orusella (Orussidae) 180 

ORUSSIDAE 14, 40, 41, 140, 145, 
157-8, 178-81 

Orussinae 180 

Orussini 180 

Orussoidea 5, 14, 68, 139-40, 142, 
145-6 

Orussus (Orussidae) 180 

Osirini 657, 677 

Osiris (Apidae) 657, 677 

Osmia (Apidae) 194, 656, 671 

Osmiini 671 

Osprynchotina 79 

Otitesellinae 273, 281 

Oxaea (Apidae) 665, 673 

Oxaeinae 651-3, 655, 657, 665 

Oxybelini 623, 626-7, 630, 636, 640 

Oxybelus (Sphecidae) 628-9, 640 

Oxychalepus (Chrysomelidae) 450 

Oxydia (Geometridae) 231 

Oxyopidae 524, 531-2, 536, 538 

Oxytorinae 390, 399, 428 

Oxytorus (Ichneumonidae) 428 

Oxytrigona (Apidae) 92, 659, 684-7, 
690 


Pachodynerus (Vespidae) 87, 566-7, 
569, 574, 579 

Pachycondyla (Formicidae) 312, 
589-90, 593, 597-8, 606 


Pachycrepoideus (Pteromalidae) 355, 
358, 368 

Pachylostictinae 13, 159 

Pachymenes (Vespidae) 566-8, 574 

Pachyneura (Encyrtidae) 25 

Pachyneuron (Pteromalidae) 50, 368 

Pachyodnerus (Vespidae) 487 

Pachysomoides (Ichneumonidae) 79, 
416 

Pachytomoides (Torymidae) 379-80 

Pae (Sphecidae) 641, 644 

Palabracon (Braconidae) 450 

Palachiini 378, 380 

Palaeogryon (Scelionidae) 233, 237 

Palicourea (Rubiaceae) 342 

Palmistichus (Eulophidae) 327, 329 

Pambolinae 431, 441, 447, 461 

PAMPHILIIDAE 13-14, 26, 145, 157, 
159 

Pamphiliinae 33 

Panicum (Gramineae) 365 

Paniscomima (Rhopalosomatidae) 548 

Pantoclis (Diapriidae) 227 

Panurginae 651-3, 655-6, 658, 660, 
670-1 

Papanteles (Braconidae) 460 

Papilionidae 417 

Pappognatha (Mutillidae) 543—4, 548 

Parabaeus (Platygastridae) 245 

Parablastothrix (Encyrtidae) 303, 309 

Parablatticida (Encyrtidae) 309 

Paracentrobia (Trichogrammatidae) 
384-5, 388 

Paracentrobiini 384 

Parachartergus (Vespidae) 73, 191, 
344, 536, 576-9, 581, 586, 629, 
657 

Paracrias (Eulophidae) 325 

Paracyphononyx (Pompilidae) 524, 537 

Paradelius (Braconidae) 436, 447 

Paradolichurus (Sphecidae) 637 

Paraepistenia (Pteromalidae) 363 

Paraeusandalum (Eupelmidae) 330 

Paragaleopsmyia (Eulophidae) 327, 329 

Paralaesthia (Pteromalidae) 362 

Paraleurocerus (Encyrtidae) 303, 309 

Paralitomastix (Encyrtidae) 303, 304, 
309 

Parallorhogas (Braconidae) 453 

Paramasaris (Vespidae) 564 

Paramblynotus (Ibaliidae) 258 

Paramesius (Diapriidae) 228 

Paramutilla (Mutillidae) 543-5, 548 

Parancistrocerus (Vespidae) 83, 566-7, 
574 

Parania (Ichneumonidae) 409 

Paranomada (Apidae) 657 

Paranthidium (Apidae) 672 

Paraolinx (Eulophidae) 326, 327 

Parapanteles (Braconidae) 460 


Parapiagetia (Sphecidae) 639 

Paraponera (Formicidae) 1, 76, 87, 92, 
100, 592, 600, 605 

Pararaphidoglossa (Vespidae) 566, 569, 
574 

Pararchexyelidae& 140 

Parascelio (Scelionidae) 237 

Parascleroderma (Bethylidae) 471, 477 

Parasierola (= Goniozus) (Bethylidae) 
478 

Parasitica 141-2 

Parasitiformes 39 

Parataruma (Sphecidae) 19, 631, 641, 
644 

Paratectranemoidea (Encyrtidae) 309 

Paratetrapedia (Apidae) 676—7 

Paratiphia (Tiphiidae) 18, 518, 522 

Paratrechina (Formicidae) 84, 93, 98, 
589, 591-2, 597, 618, 619 

Paratrichogramma (Trichogrammatidae) 
383, 388 

Paratrigona (Apidae) 683-4, 686, 689, 
690 

Parazumia (Vespidae) 566, 569, 574 

Parcoblatta (Blattellidae) 197 

Pareucamptonyx (Dryinidae) 503 

Paridris (Scelionidae) 237 

Parnopini 479-80 

Partamona (Apidae) 659, 683-6, 690 

Paxylommatinae 144, 389, 390, 392 

Peckianus (Pteromalidae) 365 

Pectinophora (Gelechiidae) 472-3, 478 

Pedicristini 180 

Pedinopelte (Ichneumonidae) 418 

Pedinotus (Braconidae) 453 

Pediobius (Eulophidae) 78, 318, 323—4, 
325 

Pegoscapus (Agaonidae) 276, 277, 279, 
281, 282 

PELECINIDAE 14, 20, 38, 122, 141-3, 
145, 209, 212, 217 

Pemphredon (Sphecidae) 194 

Pemphredoninae 18-19, 622, 625, 
628, 631, 636, 638-9 

Pemphredonini 145, 623, 627, 630, 
636, 638-9 

Penapis (Apidae) 651 

Penepodium (Sphecidae) 623, 626, 637 

Pentaclethra (Leguminosae) 258, 606 

Pentapria (Diapriidae) 228 

Pentastichus (Eulophidae) 327, 329 

Pentatomidae 96, 230-1, 238, 240-1, 
302, 337, 341, 639, 648 

Pentelicus (Encyrtidae) 309 

Pentilia (Coccinellidae) 368 

Peperomia (Piperaceae) 596 

Peponapis (Apidae) 100 

Peponapis (Apidae) 655, 659, 676 

Pepsinae 523, 525-6, 529-33 

Pepsini 526, 529-31 


Pepsis (Pompilidae) 395, 524, 530, 
579 

PERADENIIDAE 13-14, 142-3, 145, 
209 

Peregrinus (Delphacidae) 347 

Pereirapis (Apidae) 667 

PERGIDAE 1, 14, 18-19, 26, 36-7, 
140, 145, 157, 159, 162, 
167-72, 173 

Pergulinae 170, 171 

Periclista (Tenthredinidae) 159, 173, 
174 

PERILAMPIDAE 14, 26, 38-9, 77, 85, 
144-5, 268, 310, 311, 351-5, 
490 

Perilampinae 351, 353 

Perilampus (Perilampidae) 79, 351, 
353 

Perilissus (Ichneumonidae) 417 

Perilitus (Braconidae) 55, 454 

Periplaneta (Blattidae) 98, 196, 319, 
629 

Perissocentrus (Torymidae) 379-80 

Perisson (Sphecidae) 644 

Peristenus (Braconidae) 454 

Perithous (Ichneumonidae) 79 

Perkinsiella (Delphacidae) 347, 498-9 

Perreyia (Pergidae) 37, 170, 172 

Perreyiinae 37, 169-70, 171-2 

Pertyella (Mutillidae) 548 

Phaenocarpa (Braconidae) 448 

Phaenoglyphus (Figitidae) 261 

Phaenolabrorhychus (Ichneumonidae) 
409 

Phaenoserphus (Proctotrupidae) 218 

Phaeogenes (Ichneumonidae) 62 

Phalacridae 219 

Phanagenia (Pompilidae) 531 

Phaneroserphus (Proctotrupidae) 222 

Phanerotoma (Braconidae) 451-2 

Phanuropsis (Scelionidae) 96, 230-2, 
237 

Pharpa (Braconidae) 448 

Phasgonophorini 290-1, 293, 296 

Phasmatidae 67, 480 

Phasmida 38 

Pheidole (Formicidae) 35, 80, 82, 87, 
91, 94, 98-9, 312, 589, 591-3, 
597, 599-600, 606, 608-9, 
615 

Pheloura (Braconidae) 450 

Phenacoccus (Pseudococcidae) 305, 307 

Philanthinae 18, 24, 144—5, 481, 
622-3, 625, 628-31, 636, 649 

Philanthini 626, 629-30, 636, 649 

Philanthus (Sphecidae) 649 

Philodendron (Araceae) 34, 341, 
453-4 

Philodromidae 524, 532, 535, 538 

Philodrymus (Ichneumonidae) 409 


Philomastiginae 170 

Philomidinae 310-11 

Philoponella (Uloboridae) 367 

Philosindia (Encyrtidae) 309 

Phlaeothripidae 324, 329 

Phlebopenes (Eupelmidae) 334 

Phloeotribus (Scolytidae) 363 

Phobetes (Ichneumonidae) 417^ 

Phobocampe (Ichneumonidae) 394 

Pholetesor (Braconidae) 436, 459, 460 

Phoridae 84, 86-7, 201, 262, 303, 
433, 448, 592 

Photocryptus (Ichneumonidae) 79, 416 

Phrudinae 399, 428-9 ' ` 

Phthiraptera 38 

Phthorimaea (Gelechiidae) 97, 396, 
438 

Phygadeuontinae (= Cryptinae) 415 

Phygadeuontini 415 

Phyllonorycter (Gracillariidae) 459 

Phyllophaga (Scarabaeidae) 216, 517 

Phylloxeridae 448 

Phymastichus (Eulophidae) 63, 317, 
327, 329 

Phymata (Reduviidae) 238 

Phymatidae 230 

Physotarsus (Ichneumonidae) 417 

Physothorax (Torymidae) 279, 379-81 

Phytodietini 430, 431 

Phytodietus (Ichneumonidae) 431, 579 

Pieridae 64 

Pieris (Pieridae) 61 

Piestopleura (Platygastridae) 245 

Piezodorus (Pentatomidae) 232 

Pimpla (Ichneumonidae) 47, 52, 96, 
395739614292579 

Pimplinae 26-7, 43, 49, 54, 77, 390, 
392, 393, 394, 396, 399, 429 

Pinaceae 6 

Pintoa (Trichogrammatidae) 387, 388 

Pinus (Pinaceae) 13, 159, 381 

Pioscelus (Braconidae) 453 

Piper (Piperaceae) 341, 599-600, 615 

Pipunculidae 303 

Pirata (Lycosidae) 534-5 

Pireninae 356-7, 359, 365-6 

Pirhosigma (Vespidae) 567, 569, 574 

Pisauridae 524, 532, 538 

Pison (Sphecidae) 623, 628, 631, 639 

Pisonopsis (Sphecidae) 635, 639-40 

Pisoxylon (Sphecidae) 639 

Pithecellobium (Leguminosae) 34, 53, 
341-2, 452 

Pithitis (Apidae) 677 

Plagiomerus (Encyrtidae) 302, 306, 
309 

Plagiotrypes (Ichneumonidae) 418 

Planococcus (Pseudococcidae) 96, 307 

Plastanoxus (Bethylidae) 98, 474, 478 

Plastibalia (Ibaliidae) 258, 259 


Platyceraphron (Megaspilidae) 205, 
207 

Platyfrons (Mymaridae) 19, 349 

Platygaster (Platygastridae) 48, 242-3, 
246 

PLATYGASTRIDAE 14, 26, 38-9, 45, 
47-8, 94, 123, 141-3, 145, 156, 
209, 212, 241-6, 371 

Platygastrinae 242-3, 245 

Platygastroidea 209, 212 

Platylabus (Ichneumonidae) 418 

Platynocheilinae 377 

Platynocheilus (Tetracampidae) 377 

Platyplectrus (Eulophidae) 326, 327 

Platypodidae 352 

Platystasius (Platygastridae) 245 

Platythyrea (Formicidae) 92, 605 

Plaumanniana (Tenthredinidae) 175 

Plebeia (Apidae) 682-6, 689, 690 

Plecoptera 38 

Plectiscidea (Ichneumonidae) 428 

Plenoculus (Sphecidae) 639 

Plesiocoelus (Braconidae) 448 

Plesiodryininae 494 

Pleurochrysis (Chrysididae) 481, 486, 
488 

PLUMARIIDAE 13-14, 145, 464—5 

Plusiini 305 

Plutella (Plutellidae) 96, 201, 316, 
318, 328, 396 

Plutellidae 96 

Pluto (Sphecidae) 638 

Pnigalio (Eulophidae) 326, 327 

Podagrion (Torymidae) 24, 379, 381 

Podagrionini 267, 378, 380, 

Podagritus (Sphecidae) 626, 641, 644 

Podalonia (Sphecidae) 18, 69, 622, 
631, 635, 638 

Podium (Sphecidae) 81, 487, 626, 
637 

Podogaster (Ichneumonidae) 409 

Poecilogonalos (Trigonalyidae) 191 

Poecilopompilus (Pompilidae) 524, 537 

Poekilloptera (Flatidae) 498 

Poemenia (Ichneumonidae) 79 

Poemeniinae 18, 51, 399, 429 

Polemistus (Sphecidae) 626, 638 

Polistes (Vespidae) 75, 78-9, 85, 87, 
99, 298, 574-80, 585 

Polistinae 16, 24, 70, 72, 74-5, 83, 
87, 91, 99, 544, 562, 564, 
574—87, 574, 657 

Polistini 72, 574, 585 

Polistomorpha (Leucospidae) 343, 344, 
579 

Polochrum (Sapygidae) 540 

Polstonia (Pteromalidae) 368 

Polybia (Vespidae) 87, 99-100, 191-2, 
344, 396, 576-7, 579-81, 585, 
586, 629, 657 


Polyblastus (Ichneumonidae) 18, 20, 
430 

Polycyrtidea (Ichneumonidae) 416 

Polycyrtus (Ichneumonidae) 416 

Polygonaceae 375 

Polygonum (Polygonaceae) 173 

Polygrammodes (Pyralidae) 396, 438 

Polynema (Mymaridae) 346, 349 

Polyphagidae 542 

Polysphincta (Ichneumonidae) 429, 
524 

Polysphinctini 26, 44 

Polystenidea (Braconidae) 462 

' Polyxenidae 593 

POMPILIDAE 5, 14, 28, 39, 44, 
67-70, 78-9, 80, 92, 122, 
129-30, 143, 145, 504-6, 
522-39, 544, 548, 588, 627 

Pompilinae 523, 525-6, 533-8 

Pompilini 526, 534-8 

Pompilus (Pompilidae) 538 

Ponerinae 26, 35, 72, 75-6, 312, 588, 
590, 593, 601-6 

Popillia (Scarabaeidae) 517 

Poropoea (Trichogrammatidae) 384, 
388 

Portulaca (Portulacaceae) 158, 164 

Praestochrysis (Chrysididae) 480 

Praon (Braconidae) 449 

Prasmodon (Braconidae) 460 

Prestwichia (Trichogrammatidae) 385 

Prethophion (Ichneumonidae) 19, 425, 
427 

Priocnemella (Pompilidae) 533 

Priocnemis (Pompilidae) 524, 529, 
530, 538, 579 

Priocnessus (Pompilidae) 524, 531 

Prionomastix (Encyrtidae) 302, 309 

Prionomitus (Encyrtidae) 302, 309 

Prionopelta (Formicidae) 593, 603 

Prionyx (Sphecidae) 87, 622-3, 635, 
637 

Priotomis (Ichneumonidae) 416 

Prisopus (Phasmatidae) 487 

Pristaulacus (Aulacidae) 193 

Pristiphora (Tenthredinidae) 175 

Pristocera (Bethylidae) 471—4, 477 

Pristocerinae 471, 473, 477 

Pristomerus (Ichneumonidae) 96-7, 
396, 412, 413 

Proacrias (Eulophidae) 324, 325 

Probaryconus (Scelionidae) 237 

Probethylus (Sclerogibbidae) 488-9, 
490 

Probleta (Tenthredinidae) 174 

Probolomyrmex (Formicidae) 601 

Procalyoza (Bethylidae) 474, 478 

Proceratium (Formicidae) 593, 605 

Procestus (Ichneumonidae) 410 

Prochas (Ichneumonidae) 412 


Prochiloneurus (Encyrtidae) 49, 302, 
303, 309 

Prochilus (Pompilidae) 537 

Proclitus (Ichneumonidae) 428 

Procryptocerus (Formicidae) 613 

PROCTOTRUPIDAE 14, 38-9, 47, 63, 
141-3, 145, 209, 212, 217-22, 
247 

Proctotrupinae 217, 219-22 

Proctotrupini 218-19 

Proctotrupoidea 5, 12-16, 25-6, 29, 
31, 46, 140-2, 145, 150, 151, 
201, 209-46, 247, 266 

Proctotrupomorpha 68, 139, 141 

Prodecatoma (Eurytomidae) 338-9, 
342 

Prodoxidae 419 

Promethes (Ichneumonidae) 417 

Promicrogaster (Braconidae) 460 

Propsilomma (Diapriidae) 227 

Prorops (Bethylidae) 473, 478 

Prosaspicera (Figitidae) 261 

Proscoliinae 556 

Proselandria (Tenthredinidae) 175 

Prosevania (Evaniidae) 196, 197 

Prosierola (Bethylidae) 472, 477, 
479 

Prosopigastra (Sphecidae) 639 

Prosopis (Apidae) 194 

Prosopis (Leguminosae) 254 

Prosthoporus (Ichneumonidae) 416 

Protandrena (Apidae) 660, 670 

Protapanteles (Braconidae) 460 

Protomicroplitis (Braconidae) 460 

Protoplemus (Ichneumonidae) 418 

Protopolybia (Vespidae) 73, 577, 581, 
586 

Protosiris (Apidae) 19, 657, 677 

Protoxaea (Apidae) 673 

Protura 38 

Protyndarichoides (Encyrtidae) 309 

Proxylocopa (Apidae) 678 

Psammaletes (Sphecidae) 18, 579, 629, 
635, 645, 648 

Pselaphidae 87 

Psen (Sphecidae) 638 

Pseneo (Sphecidae) 638 

Psenini 145, 623, 626, 628, 631, 
636, 638 

Psenobolus (Braconidae) 278, 432, 
435, 453 

Psenulus (Sphecidae) 18, 623, 631, 
638 

Psephenidae 316 

Pseudalopyga (Chrysididae) 481 

Pseudapanteles (Braconidae) 460 

Pseudaphycus (Encyrtidae) 302, 307, 
309 

Pseudaugochloropsis (Apidae) 71, 654, 
667-8 


Pseudectroma (Encyrtidae) 302, 309 

Pseudeucoila (Figitidae) 263 

Pseudhomalopoda (Encyrtidae) 302, 
309 

Pseudibalia (Ibaliidae) 258 

Pseudisobrachium (Bethylidae) 78, 
473-4, 477 

Pseudleptomastix (Encyrtidae) 302, 
305, 308 

Pseudocaromenes (Vespidae) 566, 568, 
574 

Pseudochalcura (Eucharitidae) 311-12, 
313 

Pseudococcidae 83, 94, 96, 245, 302, 
304, 372-3 

Pseudococcus (Pseudococcidae) 307 

Pseudodynerus (Vespidae) 566-7, 569, 
5, 57473 

Pseudognamptodon (Braconidae) 455 

Pseudoheptoscelio (Scelionidae) 238 

Pseudomasaris (Vespidae) 565 

Pseudometagea (Eucharitidae) 18, 
311-12, 313-15 

Pseudomethoca (Mutillidae) 543-4, 548 

Pseudomethocina 545-6, 548 

Pseudomyrmecinae 75, 588, 609 

Pseudomyrmex (Formicidae) 87, 92, 
576, 598-600, 609 

Pseudomyrmicinae 601, 609 

Pseudopanurgus (Apidae) 657, 670 

Pseudophotopsidinae 541 

Pseudoplisus (Sphecidae) 18, 579, 629, 
635, 645, 648 

Pseudoplusia (Noctuidae) 97, 99, 386 

Pseudopolybia (Vespidae) 581, 586 

Pseudorhyssa (Ichneumonidae) 51, 429 

Pseudoxenufens (Trichogrammatidae) 
385 

Pseudoxychila (Cicindelidae) 521 

Psidium (Myrtaceae) 171, 341, 383 

Psila (Psilidae) 224 

Psilanteridini 233, 238 

Psilanteris (Scelionidae) 233, 238 

Psilini 227, 228 

Psilocera (Pteromalidae) 368 

Psilochalcis (Chalcididae) 18, 91, 298 

Psithyris (Apidae) 83, 658, 681, 682 

Psix (Scelionidae) 240 

Psocoptera 38, 266, 346, 348, 454, 
626, 639, 644 

Psorthaspis (Pompilidae) 524, 533 

Psychidae 96, 297, 303, 416, 460 

Psychotria (Rubiaceae) 53, 342 

Psyllaephagus (Encyrtidae) 302, 307, 
309 

Psyllidae 316 

Psylloidea 50, 251, 261, 302, 317, 
370, 372, 376, 379, 638, 648 

Pteroceraphron (Ceraphronidae) 201, 
203 


PTEROMALIDAE 14, 20, 25-6, 34, 
38-9, 41, 43, 47, 50, 58, 85, 91, 
94, 96, 123, 144-5, 205, 267, 
273, 279, 303, 350-1, 355-69, 
377, 380 

Pteromalinae 355, 357, 359 

Pteromalini 357, 366-9 

Pteromalus (Pteromalidae) 355-8, 369 

Pterombrus (Tiphiidae) 42, 518, 521 

Pterophoridae 303 

Pteroptrix (Aphelinidae) 284, 286, 289 

Pterosarus (Apidae) 670 

Pterygogramma (Trichogrammatidae) 
388 

Pterygorytes (Sphecidae) 645 

Ptilia (Argidae) 163-4, 166, 167 

Ptiliidae 84 

Ptilobaptus (Ichneumonidae) 413 

Ptilocleptis (Apidae) 657, 669 

Ptiloglossa (Apidae) 21, 656-8, 663, 
673 

Ptilomymar (Mymaridae) 349 

Ptilotopus (Apidae) 674 

Ptinidae 471 

Pycnoderes (Miridae) 347 

Pyralidae 85, 87, 95-8, 297, 303, 
307, 316, 335, 409, 416, 419, 
448, 450, 452, 456, 458, 461, 
576, 644 

Pyraloidea 451, 460, 471 

Pyrgaspis (Platygastridae) 246 

Pyrgodesmidae 84 


Quadrastichodella (Eulophidae) 328 

Quadrastichus (Eulophidae) 316, 329 

Quemaya (Tiphiidae) 517-18, 521 

Quercus (Fagaceae) 6-7, 34, 173, 175, 
247, 254-6, 350 

Quexua (Sphecidae) 19, 626, 631, 641, 
644 


Randia (Rubiaceae) 342 
Raphidiidae 411 

Rasivalva (Braconidae) 460 
Reduviidae 87, 231, 341, 648 
Reikosiella (Eupelmidae) 335 
RENYXIDAE 142, 145, 209 
Restisoma (Mymaridae) 19, 349 
Rhabdepyris (Bethylidae) 474, 478 
Rhabdotus (Ichneumonidae) 418 
Rhaconotus (Braconidae) 453 
Rhagigasterini 521 
Rhamnaceae 189 
Rhaphidioptera 351 
Rhathymini 657, 677 
Rhathymus (Apidae) 657, 677 
Rhinetula (Apidae) 669 
Rhipiphoridae 86 


Rhizophoraceae 383 

Rhoditini 247, 253-4 

Rhopalomutillinae 541 

Rhopalosoma (Rhopalosomatidae) 21, 
548-50, 551 

RHOPALOSOMATIDAE 5, 14, 38, 63, 
66, 123-4, 143, 145, 155-6, 
504-6, 548-52, 588 

Rhopalothrix (Formicidae) 613 

Rhopalum (Sphecidae) 623, 626, 641, 
644 

Rhoptrocentraides (Braconidae) 453 

Rhopus (Encyrtidae) 302, 308 

Rhorus (Ichneumonidae) 417 

Rhus (Anacardiaceae) 337 

Rhygoplitis (Braconidae) 460 

Rhynchophion (Ichneumonidae) 395, 
420, 425, 427 j 

Rhysipolini 461—2 

Rhysipolis (Braconidae) 461, 462 

Rhyssa (Ichneumonidae) 51 

Rhyssalinae 431, 441, 447, 462 

Rhyssalini 462 

Rhyssinae 24, 51, 393, 394, 399, 
429-30 

Rhytidothorax (Encyrtidae) 309 

Ricaniidae 503 

Rileya (Eurytomidae) 339, 341 

Rileyinae 337, 339, 341 

Riodinidae 83-4, 462 

Rodrigama (Ichneumonidae) 18, 429 

Rogadinae 26, 44, 431, 432, 436, 
437, 446, 447, 449, 451, 461-2 

Rogadini 435, 461-2 

Rogas (Braconidae) 97, 437, 438, 462 

Rogeria (Formicidae) 609, 616 

Rohwerina (Tenthredinidae) 175 

Rophitinae 651-2 

ROPRONIIDAE 13-14, 141-3, 145, 
209, 247 

Rosa (Rosaceae) 254 

Rosaceae 33, 35, 379 

Rothschildia (Saturniidae) 59, 396, 

Rotoitidae 13-14, 145, 267 

Rourea (Connaraceae) 164 

Rubiaceae 53, 338 

Rubrica (Sphecidae) 626, 628, 648 

Rubus (Rosaceae) 253 

Rumex (Polygonaceae) 173 

Rupella (Pyralidae) 97 


Saccharicoccus (Pseudococcidae) 307 

Saccharosydne (Delphacidae) 498-9 

Sacirema (Braconidae) 450 

Sagenista (Sphecidae) 579, 629, 645, 
648 

Saissetia (Coccidae) 307, 332, 335, 
364 

Salicaceae 33 


Salix (Salicaceae) 174-5 

Salticidae 236, 524, 531-2, 535-6, 
538, 625 

Sanaviron (Sphecidae) 640 

Santamenes (Vespidae) 567-8, 574 

Sapyga (Sapygidae) 540-1 

SAPYGIDAE 14, 39, 80, 145, 504-5, 
507, 539-41, 544, 588 

Sapyginae 540 

Sarcophagidae 84, 228, 262, 265, 
297, 303, 328, 369, 433, 626 

Sathon (Braconidae) 460 

Saturniidae 53, 412, 425, 426 

Scambus (Ichneumonidae) 97, 396, 
429 

Scapheutes (Sphecidae) 19, 631, 640 

Scapheutini 626, 631, 636, 640 

Scapteriscus (Gryllotalpidae) 629 

Scaptotrigona (Apidae) 683—4, 686-7, 
689, 690 

Scarabaeidae 834, 87, 216, 516, 
SAIL, 5X5 

Scathophagidae 448 

Scelio (Scelionidae) 238 

Sceliomorpha (Scelionidae) 233-4, 239 

SCELIONIDAE 14, 20-1, 31, 38-9, 43, 
45, 47, 56, 60-1, 65, 94, 96-7, 
122-3, 128, 141-3, 145, 156, 
209, 212, 228-41 

Scelioninae 230, 232, 236 

Scelionini 233, 238-9 

Sceliotrachelinae 242-3, 243 

Sceliphrini 623, 628, 630, 636, 637 

Sceliphron (Sphecidae) 70, 87, 487-8, 
566, 623-4, 626, 637 

Schachticraspedon (Ichneumonidae) 417 

Schinus (Anacardiaceae) 170, 381 

Schistocerca (Acrididae) 239 

Schizocerella (Argidae) 158, 163-4, 
166, 167 

Schizonotus (Pteromalidae) 355-6, 369 

Schizophragma (Mymaridae) 346-7, 
349 

Schlettererius (Stephanidae) 181, 184 

Sciaridae 201, 223, 427 

Sciomyzidae 228 

Scirtidae 644 

Scleria (Cyperaceae) 24 

Sclerodermini 474, 477, 478 

Sclerodermus (Bethylidae) 471-2, 474, 
478 

Sclerogibba (Sclerogibbidae) 488 

SCLEROGIBBIDAE 14, 38, 123, 145, 
155, 352, 464—5, 488-90 

Scobina (Argidae) 164, 165 

Scobipalposis (Gelechiidae) 97 

SCOLEBYTHIDAE 14—15, 18, 38, 129, 
145, 464—5, 468-70 

Scolebythus (Scolebythidae) 469 

Scolia (Scoliidae) 557, 559 


SCOLIIDAE 14, 28, 38, 42, 68, 145, 
505-6, 548, 555-60, 588 

Scoliinae 556, 559 

Scoliini 556, 559 

Scolytidae 95, 205, 303, 329, 333-4, 
337, 355, 362-3, 385, 449, 452, 
453, 454, 455, 458, 471 

Scrobipalpa (Gelechiidae) 459 

Scutelleridae 238, 302 

Scutellista (Pteromalidae) 26, 357, 
364 

Scythrididae 299, 460-2 

Sectiliclava (Encyrtidae) 302, 304 

Selandriinae 173, 175 

Selman (Sphecidae) 648 

Semaeomyia (Evaniidae) 196, 199 

Seminota (Trigonalyidae) 187-8, 190, 
191, 579 

Seminotinae 187 

Semiotellus (Pteromalidae) 365 

Semirhytus (Braconidae) 453 

Sendaphne (Braconidae) 460 

Senoculidae 625 

Sepsidae 262-3 

Sepulcidaex 140 

Sericobracon (Braconidae) 433, 452 

Sericoceros (Argidae) 163—4, 166 

Sericomyrmex (Formicidae) 82, 612-13 

Sericopompilus (Pompilidae) 524, 537 

Sesiidae 460, 

Setanta (Ichneumonidae) 418 

Seticornuta (Ichneumonidae) 422, 
423 

Sibene (Limacodidae) 358, 396, 

Sicophion (Ichneumonidae) 19, 425, 
427 

Sida (Malvaceae) 164 

Sierolomorpha (Sierolomorphidae) 
513-14 

SIEROLOMORPHIDAE 14-15, 20, 145, 
504—5, 512-14 

Sigalphinae 440, 446, 462-3 

Sigalphus (Braconidae) 462 

Signiphora (Signiphoridae) 371, 372 

SIGNIPHORIDAE 14, 38-9, 144—5, 
267, 273, 283, 316, 369-73, 

Silvanidae 303 

Simopelta (Formicidae) 593, 606 

Simophion (Ichneumonidae) 426, 427 

Siphonaptera 39, 266, 355 

SIRICIDAE 13-14, 27-8, 51, 68, 79, 
138-40, 142, 145, 158-9, 180, 
182, 419 

Siricoidea 5, 14, 37, 138-40, 142, 
145-6, 157, 159, 430, 431 

Sitophilus (Curculionidae) 98 

Sitotroga (Gelechiidae) 369 

Smicromorphinae 290 

Smilex (Liliaceae) 365 

Sminthoserphus (Proctotrupidae) 219 


Smithistruma (Formicidae) 593, 614 

Snellenius (Braconidae) 460 

Sogatodes (Delphacidae) 347 

Solanopteris (Polypodiaceae) 600 

Solanum (Solanaceae) 24, 292, 459 

Solenopsis (Formicidae) 35, 87-8, 
90-1, 94, 98-9, 312, 591, 593, 
597, 599-600, 608, 615 

Solierella (Sphecidae) 481, 487, 626, 
639 

Solifugae 39, 505, 555 

Spalangia (Pteromalidae) 98, 355, 
357-8, 369 

Spalangiinae 357, 358 

Spalangiopelta (Pteromalidae) 362 

Sparasionini 233, 239 

Spathiinae 452 

Spathius (Braconidae) 432, 436, 452-3 

Sphacophilus (Argidae) 164, 166, 167 

Sphaeroceridae 262 

Sphaerophthalma (Mutillidae) 543, 545, 
548 

Sphaerophthalmina 546, 548 

Sphaerophthalminae 541-2, 548 

Sphaerophthalmini 542, 545-6, 548 

SPHECIDAE 1, 5, 14, 18-20, 24, 


38-40) 63, 67-70, 72, 77, 80, 86, 


87, 98-9, 129-30, 143-5, 150, 
194, 333, 343, 351, 379, 383, 
464, 471, 480-1, 487, 542, 544, 
621-49, 651 

Sphecinae 18, 144-5, 622, 625, 
627-8, 636, 637-8 

Sphecini 623, 626, 628, 629, 636, 
637-8 

Sphecius (Sphecidae) 645, 648 

Sphecodes (Apidae) 657, 669 

Sphecophaga (Ichneumonidae) 32, 78, 
393, 394 

Sphecophagina 79 

Sphegigaster (Pteromalidae) 355, 369 

Sphex (Specidae) 81, 87, 623, 625, 
637-8 

Sphinctini 430 

Sphinctus (Ichneumonidae) 430, 579 

Sphingidae 53, 64, 96, 386, 412, 417, 
420, 425, 426, 460 

Sphingoidea 462 

Spilochalcis (see Conura) 

Spilomena (Sphecidae) 79, 626, 638 

Spilomicrini 227, 228-9 

Spilomicrus (Diapriidae) 228 

Spiniteleia (Scelionidae) 233, 238 

Spodoptera (Noctuidae) 97, 99, 232, 
319, 383, 386, 396, 438 

Spondias (Anacardiaceae) 173, 362 

Stangeella (Sphecidae) 637 

Stantonia (Braconidae) 461 

Staphylinidae 83, 87-8, 218, 222, 
228, 346, 348, 449 


. 887 


Stauropoctonus (Ichneumonidae) 426, 
427 

Steffanolampus (Perilampidae) 352, 353 

Stegobium (Anobiidae) 362 

Stegomyrmex (Formicidae) 608, 616 

Stelis (Apidae) 657 

Stemmatosteres (Encyrtidae) 309 

Stenamma (Formicidae) 589, 608, 616 

Steniolia (Sphecidae) 623, 626, 628, 
648 

Stenocorse (Braconidae) 96, 438, 452 

Stenodynerus (Vespidae) 567, 569, 574 

Stenogastrinae 562, 574 

Stenomalina (Pteromalidae) 357, 366 

Stenomesius (Eulophidae) 96, 319, 326, 
S27 

Stenopelmatinae 239 

Stenosmicra (Chalcididae) 296 

Stenotritinae 651 

STEPHANIDAE 14, 38-9, 41, 140, 
142, 145, 178, 181-4, 389 

Stephanodes (Mymaridae) 349 

Stephanoidea 5, 14, 68, 140, 142, 
145-6 

Stephanomorpha 139-40 

Stephanus (Stephanidae) 182 

Sterictiphorinae 19, 163, 165, 166-7 

Sternorrhyncha 38, 50, 205, 266, 
302, 370 

Stethantyx (Ichneumonidae) 430 

Stethynium (Mymaridae) 346, 349 

Stictia (Sphecidae) 623—4, 626-8, 635, 
648 

Stictiella (Sphecidae) 648 

Stictocephala (Membracidae) 346 

Stigmus (Sphecidae) 231, 626, 629, 
638 

Stilbopinae 392 

Stilpnus (Ichneumonidae) 416 

Stiropius (Braconidae) 96, 438, 462 

Stizini 627-8, 630, 636, 648 

Stizoides (Sphecidae) 648 

Stizus (Sphecidae) 648 

Stomoxys (Muscidae) 358 

Stratiomyidae 223, 228, 292, 364, 
640 

Streblocera (Braconidae) 454 

Strepsiptera 38, 83, 86-7, 266, 355 

Stromboceridea (Tenthredinidae) 175 

Strumigenys (Formicidae) 589, 59], 
593, 614 

Stylopidae 87 

Stylopidia 83 

Styphlosoma (Scolytidae) 362 

Stypiura (Chalcididae) 296-7 

Supella (Blattellidae) 332 

Susaninae 173 

Sussaba (Ichneumonidae) 417 

Sutwanus (Pergidae) 171 

Svastra (Apidae) 676 


Sycoecinae 273 

Sycophaga (Agaonidae) 277-8 

Sycophaginae 35, 273, 281-2, 377 

Sycophila (Eurytomidae) 342 

Sycoryctinae 273, 281 

Symbra (Eurytomidae) 341 

Symphyta 5, 12-13, 15-16, 21, 24, 
26-7, 29-30, 32-3, 39, 64, 66, 
90-1, 130-2, 138, 141-2, 
157-76, 231, 383, 464, 638 

Sympiesis (Eulophidae) 326, 327 

Symplocos (Symplocaceae) 35, 379, 
381 


Synarsis (Ceraphronidae) 201, 203 
Synergini 247, 253-6 
Synergus (Cynipidae) 256 
Synnevrus (Sphecidae) 644 
Synoditella (Scelionidae) 230, 239 
Synoeca (Vespidae) 75, 86, 576-7, 
579, 581, 587 
Synopeas (Platygastridae) 243, 246 
Synosis (Ichneumonidae) 422, 423 
Syntexidae 13 
Syntomopus (Pteromalidae) 369 
Syntretus (Braconidae) 78, 433, 454 
Syrphidae 50, 53, 61, 87, 91, 201, 
205, 208, 228, 261, 264, 303, 
324, 358, 367-8, 417, 640, 648 
Syrphidelulo (Ichneumonidae) 19, 417 
Syrphoctonus (Ichneumonidae) 417 
Syrphophagus (Encyrtidae) 50, 302, 
303, 309 
Syrphophilus (Ichneumonidae) 61 
Systasini 365 
Systasis (Pteromalidae) 355, 365 
Systole (Eurytomidae) 338-9, 342 
Syzeuctus (Ichneumonidae) 410 
Syzygonia (Pergidae) 170 
Syzygoniinae 19, 171, 172 
Szelenyiola (Encyrtidae) 302, 303, 
309 


Tabanidae 228, 239, 648 
Tachinaephagus (Encyrtidae) 306 


Tachinidae 49, 187-8, 192, 205, 223, 
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433, 448 

Tachinobia (Eulophidae) 317, 327-8, 
329 

Tachypompilus (Pompilidae) 524, 538, 
S38 

Tachysphex (Sphecidae) 629, 635, 639 

Tachytes (Sphecidae) 80, 622, 625, 
628, 639, 645 

Taeniogonalos (Trigonalyidae) 188, 
UO, Sys 

Tagosodes (Delphacidae) 97, 498 

Tamarixia (Eulophidae) 316, 318, 
327-8, 329 


Tanaoneura (Tanaostigmatidae) 374, 
376 

Tanaostigma (Tanaostigmatidae) 375, 
376 

TANAOSTIGMATIDAE 14, 34, 145, 
268, 300, 373-6 

Tanaostigmodes (Tanaostigmatidae) 
256, 374-5, 376 ; 

Tanymyrmex (Formicidae) 94, 600 

Tanyoprymnus (Sphecidae) 18, 631, 
645, 648 

Tanyostethium (Mymaridae) 349 

Tapinoma (Formicidae) 84, 93, 589, 
591-2, 616, 617-18 

Taruma (Sphecidae) 641, 644 

Tatogastrinae 392 

Tatuidris (Formicidae) 608, 609 

Teleasinae 230, 232, 239 

Telenominae 46, 230, 232, 239-41 

Telenomus (Scelionidae) 46, 56, 60-1, 
96-8, 230-2, 240, 384 

Teleopterus (Eulophidae) 324, 325 

Temelucha (Ichneumonidae) 51, 97, 
396, 413 

Temnosoma (Apidae) 657, 668 

Tenebrionidae 98, 409, 458, 471, 
478, 516, 625, 649 


TENTHREDINIDAE 14, 28-9, 33, 140, 


145, 158-9, 162, 172-5, 325, 
351, 480 

Tenthredininae 173 

Tenthredinoidea 5, 14, 25, 31, 
139-40, 142, 145-6, 157, 159, 
411, 416 

Tenthredoides (Braconidae) 450 

Tephritidae 94—5, 97, 223, 228, 
262-3, 291, 297, 303, 325, 328, 
337, 366, 383, 437, 

Tequus (Pergidae) 170 

Termitobracon (Braconidae) 463 

Tersilochinae 24, 394, 395, 398, 430 

Tetarticlava (Encyrtidae) 309 

TETRACAMPIDAE 14, 38-9, 145, 
268, 316, 376-7 

Tetracampinae 377 

Tetracneminae 301, 308 

Tetracnemoidea (Encyrtidae) 302 

Tetracnemus (Encyrtidae) 302, 308 

Tetraconus (Monomachidae) 213 

Tetractichus (Eulophidae) 316-7, 327, 
329 

Tetragonochora (Ichneumonidae) 418 

Tetraloniella (Apidae) 676 

Tetramesa (Eurytomidae) 34, 338-9, 
342 

Tetramoriini 609, 612, 616 

Tetramorium (Formicidae) 93, 589, 
616 

Tetrapedia (Apidae) 677 

Tetrapediini 655, 677 


Tetrapolynema (Mymaridae) 349 

Tetrapus (Agaonidae) 276-7, 279, 
281, 282 

Tetrastichinae 316, 317, 323, 327-9 

Tetrastichomyia (Eulophidae) 327. 329 

Tetrastichus (Eulophidae) 78 

Tetrathylacium (Flacourtiaceae) 599 

Tetrigidae 639 

Tettigoniidae 236-7, 302, 337, 341, 
386, 637, 639-40 

Thalestria (Apidae) 657, 673 

Thaumatodryinus (Dryinidae) 493—4, 
499, 503 

Thaumatomyrmex (Formicidae) 593, 
606 

Thaumatoryminae 378 

Theaceae 6 

Theocolax (Pteromalidae) 98, 358, 362 

Theraphosidae 524, 529-30 

Theridiidae 98 

Theronia (Ichneumonidae) 27 

Thomisidae 524, 530, 532, 536, 538 

Thomsonisca (Encyrtidae) 302, 309 

Thoronella (Scelionidae) 238 

Thoronidea (Scelionidae) 233, 239 

Thoronini 233, 239 

Thrasorus (Cynipidae) 256 

Thripastichus (Eulophidae) 327, 329 

Thripidae 324 

Thripobius (Eulophidae) 324 

Thygater (Apidae) 676 

Thymaris (Ichneumonidae) 431 

Thynninae 18-19, 20, 25, 122, 
515-7, 521-2 

Thyreodon (Ichneumonidae) 64, 420, 
422, 426, 427 

Thyrididae 460 

Thysanidae (7 Signiphoridae) 370 

Thysanoptera 38, 201, 266, 312, 
324-5, 348, 384, 626, 638-9 

Thysanura 38, 84 

Thysanus (Signiphoridae) 371, 372 

Tibouchina (Melastomataceae) 170 

Ticapimpla (Ichneumonidae) 429 

Ticoplinae 541 

Timulla (Mutillidae) 548 

Tineidae 85, 87, 303, 457 

Tineoidea 471, 478 

Tingidae 346, 349 

Tiphia (Tiphiidae) 516, 518, 522 

TIPHIIDAE 14-15, 18-20, 25, 38, 42, 
67-8, 86, 122-3, 129, 145, 156, 
504—5, 507, 512, 514—22, 544, 
588 

Tiphiinae 18, 515-7, 518, 522 

Tiphodytes (Scelionidae) 230 

Tiquadra (Tineidae) 293 

Tithonia (Compositae) 366 

Toechorychus (Ichneumonidae) 79, 416 

Tomicobia (Pteromalidae) 355 


Tomocerodes (Pteromalidae) 364 

Tomocerodini 364 

Tortricidae 96, 297, 303, 409, 448, 
452, 456, 457, 461, 644 

Tortricoidea 451, 460, 471 

TORYMIDAE 14, 34-5, 35, 77, 79, 
90, 123, 144-5, 268, 279, 350, 
377-83 

Toryminae 378-9, 381 

Torymini 378 

Torymoides (Torymidae) 379, 381 

Torymus (Torymidae) 281, 379-81 

Townesilitus (Braconidae) 454 

Toxeumella (Pteromalidae) 356, 358, 
369 

Toxeumelloides (Pteromalidae) 369 

Toxoneuron (Braconidae) 450 

Toxoptera (Aphididae) 449 

Toxotryptana (Tephritidae) 438 

Tracheliodes (Sphecidae) 640 

Trachina (Apidae) 659 

Trachymyrmex (Formicidae) 612 

Trachypus (Sphecidae) 625, 649 

Trachysphyrus (Ichneumonidae) 79, 
416 

Tranopelta (Formicidae) 608, 614 

Transdryininae 494 

Trathala (Ichneumonidae) 413 

Traumatomutilla (Mutillidae) 543-5, 
548 

Trechnites (Encyrtidae) 302, 309 

Trialeurodes (Aleyrodidae) 285 

Triaspis (Braconidae) 96, 438, 455 

Triatoma (Reduviidae) 98 

Tribliographa (Figitidae) 263—4 

Trichacis (Platygastridae) 242, 246 

Trichogonatopus (Dryinidae) 503 

Trichogorytes (Sphecidae) 645 

Trichogramma (Trichogrammatidae) 52, 
55, 57, 59, 61, 95-7, 232, 383-6, 
388 

Trichogrammatella (Trichogrammatidae) 
387, 388 

TRICHOGRAMMATIDAE 11-12, 14, 
38-9, 43, 45, 47-8, 55, 63, 89, 
96-7, 145, 267, 273, 316, 
383-8 

Trichogrammatinae 384 

Trichogrammatini 384 

Trichogrammatoidea 
(Trichogrammatidae) 383, 385-6, 
388 

Trichogrammatomyia 
(Trichogrammatidae) 387, 388 

Trichokaleva (Pteromalidae) 79, 369 

Tricholabus (Ichneumonidae) 97, 396, 
418 

Trichomasthus (Encyrtidae) 302, 309 

Trichomma (Ichneumonidae) 409 

Trichoplusia (Noctuidae) 231, 386, 438 


Trichopria (Diapriidae) 97, 223-4, 228 

Trichoptera 38, 644 

Trichoscapa (Formicidae) 593, 614 

Trichospilus (Eulophidae) 317-18, 326, 
327 

Trichosteresis (Megaspilidae) 205, 207, 
208 

Trichostictia (Sphecidae) 648 

Trichothurgus (Apidae) 671 

Trichotrigona (Apidae) 689 

Triclistus (Ichneumonidae) 422, 423 

Tricyphus (Ichneumonidae) 418 

Tridactylidae 639 

Trieces (Ichneumonidae) 422, 423 

Triepeolus (Apidae) 657, 673 

Trigona (Apidae) 30, 69, 75, 652, 658, 
659, 682-5, 687, 689, 690 

TRIGONALYIDAE 14, 18-19, 26, 39, 
48, 77, 85, 140, 145, 185, 
187-92 

Trigonalyoidea 5, 14, 142, 150, 185 

Trigonalys (Trigonalyidae) 191 

Trigonanyinae 187 

Trigonisca (Apidae) 650, 685-6, 690 

Trigonoderini 366 

Trigonoderus (Pteromalidae) 366 

Trigonopsis (Sphecidae) 69, 79, 81, 86, 
624-6, 628, 637 

Trimeria (Vespidae) 565 

Trimicrops (Pteromalidae) 364 

Trimorus (Scelionidae) 239 

Trioxys (Braconidae) 449 

Trioza (Triozidae) 262 

Triozidae 201 

Triplaris (Polygonaceae) 376, 
599-600 

Triptenus (Argidae) 167 

Trissolcus (Scelionidae) 96, 230-2, 
240, 241 

Triteleia (Scelionidae) 236, 237 

Trjapitzinellus (Encyrtidae) 302, 309 

Trochophora (Argidae) 19, 164, 167 

Trogina 417 

Trogomorpha (Ichneumonidae) 418 

Trogus (Ichneumonidae) 66 

Tromatobia (Ichneumonidae) 41, 429 

Tropidoeucoila (Figitidae) 264 

Tropiduchidae 503 

Tropimeridini 290 

Trypargilum (=Trypoxylon) 625, 627 

Tryphoninae 18, 20, 26, 44, 393, 
396, 398, 399, 430 

Tryphonini 430 

Trypoxylini 623, 626-8, 630, 636, 
639-40 

Trypoxylon (Sphecidae) 78, 81, 194, 
379, 487-8, 624-5, 627-9, 635, 
639 

Trypoxylonini 70, 481 

Tumidiclava (Trichogrammatidae) 387 


Tyndarichus (Encyrtidae) 303, 309 
Typhlocybinae 495-6, 502 
Typhlomyrmex (Formicidae) 606 
Typhoctes (Bradynobaenidae) 555 
Typhoctinae 552, 555 
Typhoctini 505, 507 


Ucona (Tenthredinidae) 158 

Ufens (Trichogrammatidae) 383, 387 

Ulmaceae 6 

Uloboridae 355 

Uloborus (Uloboridae) 367 

Umanella (Ichneumonidae) 429 

Umbelliferae 338, 342, 628 

Unaspis (Diaspididae) 286 

Uniplectron (Sphecidae) 639 

Urena (Malvaceae) 24, 292 

Uroplata (Chrysomelidae) 450 

Urosigalphus (Braconidae) 96-7, 438, 
455 

Uscana (Trichogrammatidae) 388 

Utetes (Braconidae) 461 


Vaccinium (Ericaceae) 355, 365 

Vanhornia (Vanhorniidae) 217 

VANHORNIIDAE 13-14, 141, 143, 
145, 209, 217, 247 

Venanides (Braconidae) 460 

Venturia (Ichneumonidae) 53, 55, 62, 
98, 394, 412 

Veranus (Braconidae) 460 

VESPIDAE 14, 16,18-19, 20-1, 24, 
28-9, 35-6, 38-9, 63, 67, 69-70, 
72, 74-5, 77, 82-3, 85, 86-7, 89, 
91-2, 94, 98-100, 144-5, 187, 
190, 194, 416, 487, 505, 507, 
548, 561-87, 588 

Vespinae 16, 75, 79, 562, 564, 574 

Vespoidea 5, 14-16, 25, 31, 40, 46, 
141-3, 145, 504-620 

Vespomorpha 139-40 

Vespula (Vespidae) 83 

Vipio (Braconidae) 450 

Viridipyge (Braconidae) 462 

Vitis (Vitaceae) 170 


Waldheimia (Tenthredinidae) 173, 
174 
Wasmannia (Formicidae) 89, 91, 93, 
99, 312, 589, 591, 599, 608, 613 
Wesmaelia (Braconidae) 454 
Whartonius (Braconidae) 453 
Whitfieldia (Braconidae) 453 
Whymperia (Ichneumonidae) 416 
Willinkiella (Sphecidae) 640 
Winterschmidtiidae 568 
Woldstedtius (Ichneumonidae) 417 
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Xanthogonalos (Trigonalyidae) 190 
Xanthomicrogaster (Braconidae) 460 
Xanthopimpla (Ichneumonidae) 395, 
429 
Xanthopria (Diapriidae) 78, 228 
Xenoglossa (Apidae) 18, 100 
Xenoglossa (Apidae) 655, 659, 676 
Xenomyrmex (Formicidae) 608, 614 
Xenopompilus (Pompilidae) 538 
Xenosphecinae 622, 631, 636 
Xenosternum (Braconidae) 454 
Xenufens (Trichogrammatidae) 386-7, 
388 
Xeris (Siricidae) 81 
Xerogorytes (Sphecidae) 645 
Xeromelissinae 651-3, 655, 660, 
664—5 
Xerostictia (Sphecidae) 648 
Xiphosomella (Ichneumonidae) 413 
Xiphydria (Xiphydriidae) 176-7, 
193 


XIPHYDRIIDAE 14, 68, 139-40, 142, 
145, 158-9, 162, 175-7, 193 

Xiphydriinae 176 

Xorides (Ichneumonidae) 431 

Xoridinae 393, 399, 431 

Xyalophora(Figitidae) 265 

Xyela (Xyelidae) 159 


‘Taxonomic index 


XYELIDAE 13-14, 28-9, 32, 138-9, 
145, 159 

Xyelinae 32, 139 

Xyeloidea 5, 14, 138-9, 142, 145, 
157, 159 

Xyelotomidaex 139 

Xyelydidae* 140 

Xylaspis (Figitidae) 18, 260, 261 

Xylocopa (Apidae) 30, 85, 100, 343, 
540, 650, 653, 658-60, 678 

Xylocopinae 651-3, 656, 677-8 

Xylocopini-677-8 

Xysma (Sphecidae) 626, 638 

Xystromutilla (Mutillidae) 544, 548 


Ycaploca (Scolebythidae) 469 

Yelicones (Braconidae) 462 

Yponomeutidae 303, 305 

Ypsistocerinae 431, 433, 435, 441, 
447, 463 

Ypsistocerus (Braconidae) 463 


Zacremnops (Braconidae) 448 

Zacryptocerus (Formicidae) 81, 589-90, 
599, 613 

Zagella (Trichogrammatidae) 388 


Zaglyptomorpha (Ichneumonidae) 410 

Zaglyptonotus (Torymidae) 379, 381 

Zaglyptus (Ichneumonidae) 429 

Zagrammosoma (Eulophidae) 96, 319, 
326, 327 

Zagryphus (Ichneumonidae) 21, 431 

Zaischnopsis (Eupelmidae) 336 

Zanysson (Sphecidae) 80, 622, 644 

Zaomma (Encyrtidae) 302, 303, 306, 
309 

Zaplatycerus (Encyrtidae) 302, 308 

Zarhopalus (Encyrtidae) 302, 308 

Zatypota (Ichneumonidae) 429 

Zavoya (Chalcididae) 298 

Zavoyini 290, 293 

Zelus (Reduviidae) 241 

Zenarginae 163 

Zeta (Vespidae) 566-8, 574, 579 

Zethus (Vespidae) 69, 71, 81, 566-8, 
5/79 ark, DE) 

Zeuxevania (Evaniidae) 197 

Zonopimpla (Ichneumonidae) 27, 429 

Zoraptera 38 

Zygaenidae 457, 462 

Zygogramma (Chrysomelidae) 365 

Zygopetalum (Orchidaceae) 246 

Zygoptera 348 

Zyzzyx (Sphecidae) 648 


aculeates (excluding ants), parasitoids 
of 77-9, 187-9, 195, 311, 318, 
52709331293 7:23439351]—2.- 362, 
383, 416, 419, 454, 464, 480 
adelphoparasitism, see heteronomus 
hyperparasitism 
Africanized honey-bees 92-3, 662, 
690 
aggregations 
of adult Hymenoptera, 20-1, 231, 
DIES 57) G28 
of larval Hymenoptera 163, 170 
alternation of generations 31-2, 124, 
255 
ants 
mimics of 180, 205, 223, 227, 394, 
436, 494-5, 552 
parasitoids of 77-83, 223, 311-12, 
324, 337, 433, 471, 
ant-mediated defences 66-7, 255, 
436, 597-8 
ant-plant associations 597—600 
aposematic coloration 20, 122, 215, 
231, 395, 436 
aquatic Hymenoptera 20, 230, 236, 
239, 263, 316, 346, 385, 534—5 
army ants 593-5 
arrhenotoky 30, 31, 436 


biogeographic patterns 18-19, 20, 
158-9, 169, 589, 651 

biological control agents 2-3, 94-9, 
231-2, 243, 285-6, 307-8, 328, 
332, 347, 357-8, 386, 517, 557, 
580, 629 


caste differentiation 124—5, 576-7, 
589-90 

cecidogenesis, see gall formation 

chemical marking of hosts 56-7, 120 

classificatory problems 5, 139-46, 
178, 185, 187, 209, 389-90, 
622, 651 

cleptobiosis 79-80, 657-8 

cleptoparasitism 80-1, 82-3, 194, 
337, 480, 524, 537-9, 540-1, 
622, 626-7, 657-8 

clutch size 57 

cocoon structure 26-7, 164, 242-3, 
326, 393, 435, 481, 490 

colony founding 575-6, 590 

commensalism 84, 578 


commercial products, of Hymenoptera 
100-1, 659 
communication within colony 74—6 


competition, between parasitoids 60—1, 


1528158099 6517.299 33 1844: 
35], 497 
compound nests 81, 531 
Costa Rica 
sites sampled for Hymenoptera 11 
topography 7-9 
Costa Rican Hymenoptera fauna 
composition of 13 
compared with other regions 15-18 
magnitude of 13-15 
cuticular encystment 67 


defences 
immunological, of host 61-3, 263 
against micro-organisms 61, 653 
of adults, see predator avoidance 
strategy 
of hosts against parasitoids 63—7 
deuterotoky 32 
diapause 27, 197, 393 
Dzierzon's theory 30 


economic importance of Hymenoptera 
2—3, 89-101, 158, 164, 170, 
201-2, 231, 243, 263, 278, 
285-6, 292-3, 300, 307-8, 312, 
318, 332, 338, 347, 357-8, 371, 
375, 380, 386, 396, 437-8, 472, 
498-9, 517, 540, 557, 568, 
578-80, 629 

ectoparasitic idiobiosis 42-3, 180, 
WS AO, 222277 SPAS, SSL, SHIA 
343, 350, 355, 378-80, 393, 
432, 464-5, 471, 480, 504, 556 


ectoparasitic koinobiosis 44, 205, 266, 


317, 326, 393, 432, 465, 471, 
488, 491, 505, 524, 549 

eggs, ovarian/production 136, 291, 
371, 380, 393, 436 


eggs, parasitoids of 193, 197, 229-46, 


327-9, 331, 335-7, 346-9, 355, 
365, 377, 379, 384-6, 464, 
480, 

endoparasitic idiobiosis 43, 178, 230, 
242, 331, 346, 393, 452, 355, 
370 

endoparasitic koinobiosis 44—5, 193, 
201, 209, 215-16, 218, 223, 


242, 251, 258, 260-4, 317, 393, 
432, 465 

eonymphal phase 27 

eusociality 5, 71, 575-7, 589, 622, 
625, 652-4 

evolution of order Hymenoptera 
138-41 

evolutionary patterns of host relation- 
ships 464—5, 504—5 

exophytic leaf feeding 33 

extrafloral nectaries 24, 292 


feeding 
by larval Hymenoptera 5, 29-30, 
32-45, 59, 157, 163-4, 170, 
577 
by adult Hymenoptera 21-4, 46-7, 
292, 3047316, 331, 357 37. 
436, 491, 495-6, 516, 525, 
544, 577, 592, 628, 651-2 
figs, pollination of 273-82 
fungivory 5, 30, 36-7, 157, 170, 172, 
180 


gall formation 33-4, 157, 247, 
253-6, 277-8, 337, 375, 452-4 

gall-formers, parasites of 266, 316, 
324-9, 337, 350, 365, 375, 
379-80 

global species-richness 5, 16 

graded recruitment 76 

gregarious parasitism 47-8, 205, 218, 
223, 230, 242, 290-1, 317, 337, 
356, 371, 385-6, 393, 432, 
458-60, 472, 489 

guard larvae (of Encyrtidae) 137, 306 


haplodiploidy 4, 30, 73 

heterogony, see alternation of 
generations 

heteronomus hyperparasitism 50, 
284-5 

host behaviour, effect of parasitoid on 
59, 491, 497-8 

host discrimination 56, 230, 

host exploitation 57-8 

host feeding, see feeding by adult 
Hymenoptera 

host habitat location 52-4, 230 

host identification 55-6, 385 

host location 54-5, 331, 385, 433 


892 


host searching 51-8, 182, 232, 316, 
394, 433 

host suitability 58-60, 262-3 , 346, 
433 

host, synchrony of parasitoid with 
59—60, 231, 395 

hypermetamorphosis 133, 351, 434, 

hyperparasitism/hyperparasitoids 
48-50, 187-8, 205, 223, 251, 
261, 292, 296, 298, 284, 304, 
316-17, 328-9, 331, 351-2, 
355—7, 371, 378-80, 393, 420, 
429, 433, 448, 498-9 


ichneumoniform subfamilies (of 
Ichneumonidae) 409 
identification: 
Anacharitinae, genera 260 
Apidae, subfamilies 660 
Argidae, subfamilies 164—5 
Aspicerinae, genera 261 
Aulacidae, genera 193 
Bethylidae, genera 473-7 
Braconidae, subfamilies 438—46 
Ceraphronidae, genera 203 
Ceraphronoidea, families 187 
Chalcididae, subfamilies and tribes 
293 
Chalcidoidea, families 267-73 
Charipini, genera 262 
Cheloninae (Bra.), genera 452 
Chrysididae, genera 481-6 
Chrysidoidea, families 465-7 
Crabroninae, genera 641 
Cremastinae (Ich.), genera 414 
Cynipidae, tribes 256 
Cynipoidea, families 253 
Diapriidae, subfamilies 224 
Dolichoderinae, genera 616 
Dryinidae, subfamilies 499-500 
Ecitoninae, genera 607 
Embolemidae, genera 491 
Eucharitidae, genera 312-13 
Eulophidae, subfamilies 319-23 
Eumeninae, genera 568-73 
Eupelmidae, subfamilies 332-3 
Eurytomidae, genera 339-41 
Evaniidae, genera 197-8 
Evanioidea, families 185-7 
Fig associated Hymenoptera 279-81 
Figitidae, subfamilies and tribes 260 
Figitini, genera 265 
Formicidae, subfamilies 600-1 
Formicinae, genera 618 
Gorytini, genera 645 
Hymenoptera , major groups, alate 
146-51 
Hymenoptera , wingless or short- 
winged 151-6 


Subject index = 


Ichneumonidae, subfamilies 
396-408 
Ichneumonoidea, families 390 
Labeninae, genera 419 
Liopterini, genera 258 
Megaspilidae, genera 207 
Meliponinae, genera and subgenera 
686-7 
Metopiinae, genera 423 
Mutillidae, supergeneric taxa 545-6 
Myrmicinae, tribes/some genera 
608. 
Ophioninae (Ich.), genera 427 
Orussidae, genera 180” 
Pergidae, subfamilies 170-1 
Perilampidae, genera 352-3 
Platygastridae, subfamilies 243 
Polistinae, genera 580-4 “` 
Pompilidae, subfamilies and tribes 
526-9 
Proctotrupidae, genera 218-19 
Proctotrupoidea, families 209-12 
Pteromalidae, subfamilies 358-9 
Rhopalosomatidae, genera 550-1 
Sapygidae, genera 541 
Scelionidae, subfamilies and tribes 
232-3 
Scoliidae, genera and subgenera 
557-9 
Signiphoridae, genera 371 
Sphecidae, subfamilies and tribes 
629-31 
Stephanidae, genera 183-4 
Sterictiphorinae (Argidae), genera 
167 
Symphyta, families 162 
Tanaostigmatidae, genera 375 
Telenominae, genera 240 
Tenthredinidae, subfamilies 173-4 
Tiphiidae, genera 517-18 
Torymidae, genera 380-1 
Trigonalyidae, genera 189-91 
Vespidae, subfamilies 564 
Vespoidea, families 506-12 


idiobiont 41—4, 291-2, 299, 304, 


3k6=177828: 355, 384 


inquilines/ inquilinism 34, 81, 82, 


ADD 375 


killer bees, see Africanized honey-bees 
kin recognition 74 

kin selection 73 

koinobiont 41, 44—5, 266, 292, 304, 


SAIZ 74 SO) eda afelio AA 


larvae of Hymenoptera 


development of 26, 133-7, 157, 
180, 182-3, 189, 193, 195, 
197, 205; 215, 2189224: 


230-1, 242-3, 251, 255, 260, 
262-5, 292, 305-6, 311, 318, 
332, 338, 343, 347, 357, 371, 
385-6, 393, 434, 472, 481, 
489, 491, 496-8, 516, 544, 
550, 556-7, 628, 656-7 
diet of, see feeding by larvae 
structure of 130-7, 230, 243, 263, 
385, 393, 525, 557, 562-3, 
628 
leaf-cutter ants 1, 37, 40, 595-7 
leaf-miners 157, 170 
leaf-miners, parasitoids of 266, 291, 
298, 316, 324—9, 377, 447, 450, 
454-5, 459-61 
lestobiosis 82 


male swarming 25, 394, 435 
mass provisioning 69, 567, 626, 655 
mating behaviour 24-6, 124, 183, 
218, 231,278,306 silts, BA 
394-5, 435-6, 472, 522, 525, 
544-5, 557, 567-8, 577-8, 629, 
658-9 
Mesoamerica 
biotic history of 6-7 
geological history of 6 
metander 124 : 
mimicry 191, 292, 296, 344, 395, 
536, 578-9, 629, 657 
monogyny 72, 590 
morphological terminology 102-21, 
130-7 
multiparasitism 50, 386 
mutualism 83-4, 274, 568, 656 
mycophagy, see fungivory 


necrophagy 24, 625, 652 
nectar feeding 21, 36, 195, 197, 292, 
565, 585, 628 
nest 
architecture of 69-70, 576, 668, 
682-5 
construction of 70, 471, 531, 556, 
565-7, 575-6, 591-2, 622-5, 
652-3 
adaptations for construction of 
129-30 
defence of 576, 626-7 
nesting cycle 577 
nocturnal activity 21, 396, 422, 431, 
437, 457, 544, 551, 555, 592, 
655 


oligolecty 655 
ophioniform subfamilies (of 
Ichneumonidae) 409 


oviposition biology 28, 50-2, 125-9, 
173, 182, 188-9, 193, 195, 197, 
21189829232261—3229172 304, 
311-12, 316-17, 331-2, 343, 
385, 393, 433-4, 471-2, 480-1, 
516, 521, 544, 622 


parabiosis 82, 590 

parasites and parasitoids, of 
Hymenoptera 85-7, 433, 490 

parasitic castration 497-8 

parasitoid, definition of 40-1, 67 

parasocial route (to eusociality) 71, 
625, 654 

parental care 26, 29, 42, 164, 166, 
470, 456, 472, 625-7 

parental manipulation theory 74 

phenology 21-3, 64, 158, 226, 231, 
385, 395, 436, 469-70, 490-1, 
498, 513, 551-2, 655-6 

pheromones 56, 74-6, 120, 230, 386, 
394, 578, 654, 687 

phoresy 43, 230, 238-9, 312, 379, 
385, 545 

phytophagy, of Hymenoptera larvae 
32-7, 266, 316, 327, 432 

pimpliform subfamilies (of 
Ichneumonidae) 409 

planidial larvae 134-5, 311, 351 

plant secondary chemicals 33, 51, 59 

plesiobiosis 81 

pollen feeding, see nectar feeding 

pollination/pollinators 3, 99-100, 
266, 273-8, 656, 659, 680 

polydomous ants 591 

polydnaviduses 62-3, 434, 

polyembryony 48, 243, 266, 305, 
433, 456, 494-7 

polygynous family route (to eusociality) 
72 


polygyny 72, 590 


polylecty 655 

polymorphism 121-5, 241, 256, 386, 
589 

predator avoidance strategies 27, 394, 
395-6, 436-7 

preparation techniques, for specimens 
12-13 

prey carriage 471, 525, 567, 627 

pro-ovigenic parasitoids 45, 48 

progressive provisioning 69, 567, 626, 
655 

pronymphal phase 27 

provisioning behaviour (of aculeates) 
67-9, 567 

pseudo-mated females 25 

pseudohyperparasitoid 50, 205, 337, 
433 


pupation sites 218, 394, 435; see also 
cocoon construction 


reproductive division of labour 71-6, 
575 


sampling methods used in 
Hymenoptera survey 10 
seasonality, see phenology 
seeds 
parasitoids of 34-5, 316, 328, 337, 
375, 378-80 
predators of 35, 593, 597 
sex determination mechanisms 30-2 
sex ratio 57-8, 300, 386, 472, 
sexual dimorphism 122-4, 137, 330, 
394, 545, 629, 658 
social parasitism 82-3, 590, 657 
sociality, evolution of 70-4, 625, 
653-4 
spiders, parasitoids/predators of 236, 
3255327:233159337:039 24115 
416, 429, 504, 522-39 


stinging, reactions to 1—2, 92, 471-2, 
544, 578, 659 

stridulation 544 

subsocial route (to eusociality) 71, 
625, 653-4 

superparasitism 50-1, 79, 207, 230, 
331, 386 

supersedure 79 

symbiotic associates 77, 83-5, 176 

synovigenic parasitoids 43, 47—8, 357 


teratocytes 45—6, 242, 

thelytoky 31, 32, 371, 386, 436, 
472 

tritrophic communication 54 

trophallaxis 76, 575 

trophamnion 45, 242-3, 434, 455 

trophobionts 83 

tryphoniform subfamilies (of 
Ichneumonidae) 409 


usurpation, of nests 81 


venom apparatus 120, 433-4 

venoms 28, 44—5, 120, 230, 472, 
496, 516, 556, 626 

virus-like particles 62, 263 

viruses in parasitoids, see 
polydnavirisus 


wood-boring Coleoptera, parasitoids of 
180, 182-3, 193, 258, 291, 296, 
325193199393 55933 7: SSMS}, 
416, 419, 429, 430, 431, 452, 
455, 464, 469, 471-2 


xenobiosis 82 
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